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PREFACE 


The true aim of the teacher moat be to impart an appreciation of method, and 
not a knowledge of facts — Feabson 

The power to recognize and to follow truth cannot be conferred l>y academical 
degrees — Pabaoelscts 

Eveey teacher now recognizes that it is a sheer waste of time to mtroducc 
many abstract ideas mto an elementary science course without a previous 
survey of facts from which the generahzations can be denved In most 
cases the histoncal mode of treatment is correct, because the generaliza- 
tions have usually been developed from a contemplation of the facts , m 
other cases the histoncal treatment may mvolve digressions which would 
senously mterfere with the efficiency of the course Obviously, a teacher 
will try his beat to mstil the mammum amount of scientific method mto 
the facts — as presonbed by his syllabus and time table — always remember- 
mg that the student gets more lastmg benefit from the method than from 
the facts per se In after life the scientific method may be retamed as a 
permanent attitude of the mmd when the facts themselves are nearly all 
forgotten Consequently, the teacher seeks to develop a certam spmt or 
attitude of mmd which is almost equivalent to a sixth sense, and therefore 
the justification for a general course m chemistiy must be sought m the 
mmd of the student rather than in the facts of the science What, then, 
may a student expect from a general course of chemistry ? 

1 Shill til observation aixd cajperimcjif — All are agreed that 
personal contact with facts is a great advantage The constant 
absorption of statements and opmions from textbooks makes a 
student lean so much on authonty that be ultimately becomes un- 
fitted for independent observation Habits of self-rehance, resource, 
and initiative can be acquired only m the laboratory, or by direct 
contact with the facts themselves But practice m observation and 
experiment is not alone sufficient to develop the scientific faculty. 
The observational powers of a savage are usually keener than those 
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of a omlized man, and a student may leam to observe without 
gammg much beyond an moreosed facility m the art and he may 
become very skilful m expenmentmg without gaming much more 
than mere dextenty m mampulation 

2 Memory and Inotaledge of relevant facto. — ^Pacts, of course, 
form the raw matenal wluch is refined by scientific methods mto 
science itself. Science can do nothmg without facts. Consequently, 
many facts must be memorized by the neophyte m chemistiy Some 
students soon leam the tnck of amassmg and memonzmg all kmds of 
information m a mechamcal way All the facts associated witJi a 
phenomenon may not be of equal importance In practice it is not 
always easy to discnmmate between relevant and irrelevant facts 
Still, it IS important to confine the attention as closely os possible to 
relevant and essential facts, and to discard those irrelevant and 
accidental The tyro m chemistry must trust his teacher to mdicate 
the more sigmficont facts to be committed to memory, and used as 
matenal for oxeroismg bis intellect and wits 

3 AlitUty to reaoon and ihtnl t» a logical systematic way — A 
student must leam to reflect on the available data beanng on the 
problem m hand , and to explam a phenomenon by drawmg legitimate 
mferences from approved evidence It is a mistake to postpone the 
exercise and disciplme of the thmkmg faculties until a student has 
memorized a vast accumulation of facts It is necessaiy to form 
habits of reflection and thought as early as possible Exercise means 
growth. It IS far easier to acquire a mass of facts than to leam to 
draw a sound inference as to what the facts prove The thmlang 
faculty can be developed only through the student’s own mdividual 
efforts Just as the memory, m some subtle way, grows more vigorous 
with use, so the exercise of the thinking faculties enhances the power 
to think Evoiy exercise of the reason, said Sir Humphrey Davy, in 
1811, strengthens the habit of ooirect thinking, and adds sometunes to 
the influence and power of common sense Vague mdefimte observing 
IS usually followed by muddled mchoate thmkmg dear thmkmg 
pre supposes clear seemg 

4 CuUivalton of the imagination — Some teachers have very 
pronounced objections to the mtroduction of scientific theones m an 
elementary course , they claim that “ it is not scientific to present 
and discuss, say, the atomic theory in an elementary chemistiy 
course ” It might bo asked uhat constitutes an elementary course? 
It would be a great mistake to suppose that science has no need for 
the imagmation, for it is very true, as K Pearson has said, that 
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“ discij>lmed imtigmtvtion 1ms been at the bottom of all great scientific 
disco\cncs ” and, ns W A Fisko Las said, that “ every h^'pothcsis 
and law of science is the result of a \nvid unagmation ” Imagination 
helps to completo the picture outlined by obscnmtion and inference 
The picture must, of course, be tested and cnticized m every con- 
ceivable nay to make sure that it is not a mirage among the purpled 
nionimg clouds to bo dispelled, by the dairnuig light 

5 Dcidapmcnt of a crriical and xmparltal judgment — ^The 
imagination, though very useful, is a most dangerous ally , and a 
sharp hnc of demarcation must be observed between valid or legili- 
male deductions from the cvidcnoe, and n hat has been supplied bj’’ 
the imagination Each proposition must be judged solely on its 
merits There must be no shirking of the facts, no exaggeration, no 
distortion of the naked truth The mmd must be kept open and free 
from prejudice Tlie strudcirt must learn not to prejudge data and 
phenomena by ideas formed independently of the thmgs themsehes 
A teacher soon accumulates remarkable examples of the mfiuenco of 
expectation on judgment If a practical class knows what quanti- 
tative result “ ought " to bo obtamed, it is surjinsing hou much 
nearer that result the majority mil get than if the true result ucre 
unknown — and this mthout dishonest mtentions Vigorous honesty 
and absolute impartiahty in deahiig with approved evidence are in- 
dispensable A complete absence of bias can alone gne reahty and 
meamng to scientific truths 

I have to tlinnk several nuthontics for permission to use a number 
of quotations and a selection of questions from college examination 
papers The source of each is mdicated in the text Theongmnluordmg 
of the exammation questions has been shgbtlj modified in a veiy few cases 
I have pleasure in tlmnkmg a number of fnends for readmg portions of the 
proofs In some cases I have persuaded fnends u ho have specially studied 
a particular phenomenon or process to glance through the proofs to make 
sure all is sound I gratefullj^ acknowledge the help I have consciously 
and sub consciously received from the exammation and review of a largo 
number of text-books during the past few years Messrs A D Hold- 
croft and J. C Green Jiavo kindly read through the proofs, and I am 
rerj' grateful for their help I am also mdebted to Mi F J Austm 
for the photography 

J W. M. 

Sjlndon House, 

Stoke on*Trent 
Apnl, 1916. 
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MODERN INORGANIC 
CHEMISTRY 

CHAPTER 1 

Introduction 

'§ I Observahon and Record Collecting Data. 

To TThat can wo refer for knowletlpe * lint cnn be a more certain criterion 
tlion the eenfies thcnipelAcs * If mo cannot trait the acnsci, lion is it 
possible to distinguish wliat is true from xvhat is fnlAe* — Lccnrrirs 

In ancient times the mijontj of educated iieople bclictcd it to U. un- 
dignified for a self-iespccting man to make expenmonis, and tlicj did not 
jconsidcr knowledge obtained by observing nature to be a serious subject 
■^orthj of mental occupation ilfcordingly, the leading pbilosoplierfc 
‘■“devot^ themselves to fantastic and cbunencal htTpolheses about material 
things, and made no earnest attempt to disenmmate betuecn the unreal 
and the real, in consequence, their minds became so prejudiced that 
facts were either denied or else explained by extravagant ideas and fancies 
uncontrolled b.i truth and realitj as uc understand these terms to da\ 

True knowledge about material tlung« can be obtained onlv through 
the senses , there is no other waj Exixjnence is the veil spring of true 
knowledge , cxpenence alone can teach sometlung new ; it alone is irrefut- 
able, it ulone can give certaintj Experience comprises all the impressions 
wo observe and percene through the various organs of sense These im- 
pressions are recorded m our notebooks, dictionaries of cliemistry, etc , as 
empincal facts TJie facts make the ground ujion winch science is built. 
The edifice can onh be stable in so far as it is founded upon the imnijita- 
bibt} of facts TJie facts must be accurate, or the edifice wall be 
unstable 

Kot many years ago, an apt quotation from one of the classical writers 
— say Anstotle — was considered ample proof of the truth of anj state- 
ment , to day, science looks askance on records of mere opinions, and 
focuses its attention on records of facts It is not alv ays easy to record 
facts faithfully wnlliout unconscious distortion, or bias Things arc not 
alwajs what they seem It is often difficult to distinguish apjicanincco 
from realities The sun appears to nsc and set, m rcahiy, it docs neither 
As Robert Hooke would have said * it is necessaiy to be on guard against 
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doop rooted errors ■which may have been grafted upon soicnoe by tho 
shppenness of memory} the narrowness of the senses, and the rashness of 
tho imderstanding Tho greatest oaution must bo exercised m aoceptmg 
on second hand evidenoe, facts which cannot be venfied. No rehanoo 
can be placed on vague impressions. Evidence must be cleur,and precise 
Few persons can estimate and register facts impartially and fairly As 
W S Jevons puts it “Among uncultured observers, the tendency to 
remark favourable, and forgot unfavourable, events is so great that no 
reliance can be placed upon their supposed observationo ” The student 
must therefore spare no pams to acquire the habit of recording 
phenomena just as they are observed , and of distinguishmg shaip^y 
between what is, or what has been, actually seen, and what is 
mentally supplied Abo're all, said Robert Hooke ( 1665 ), a good observer 
needs a sme ere hand and a faithful eye, to examine and record tho tlungs 
themselves ns they really appear 


2 The Correlation of Observations Classifymg Data 


In order that the foots obtained by observation and ovponmont may bo 
capable of being used in furtherance of our exact and solid knowlrago, 
they must be tmprehonded and analyzed occordmg to some conceptions 
■vcliiah, apphod for this purpose, give distmct and definite results, such os 
con bo steadily token hold of, and roosoned from — Whew Eli. ^ 

The record of facts obtained by observation and experiment, is 
empirical knowledge. Nature presents to our senses a panorama of 
phenomena co mmgled in endless variety, so that wo are sometimes over- 
whelmed and dizetl bj the apparent complemty of empincnl knowledge 
It is the work for tho mtelicct to e duce the elements of sameness ami^t 
apparent diversity, and to sec diilcroyces amidst apparent identity. It is 
work for the judgment to reject accidental and transient nttnbutos, and to 
consohdato essential and abidmg quahtics 
• Empirical knowledge must therefore be arranged, re-amnged, grouped, 
and classified so os to emphasize the elements of sinulanty and identity 
111 difCcrant phenomena Tins means that the facts must be arranged in 
a methodical and systematic manner so that finally all tho facts taken 
logothor may form one system The process of classification and cor- 
relation is one of tlie methods of scientific investigation — the deditclvo 
method Knowledge so systematized is scientific knowledge 

To take a particular case, the matenal framework of tho world appears 
111 n(mynad different guises jand combinations but tho chemist can resolve 
each combmation into a few definite elementaiy forms of matter , similarly, 
a “ multitude of forces ” can bo resolved into comparatively a few pnmi- 
tiX'e forms of energj' As tho student growls in scientific knowledge, he 
will find in chemistry a cunous imxture of both empincal and soientifio 
knowledge 



^ 3 The Generalization of Observations 

It is the intuition of unity amid diversity irhioli impels tho nund to form a 
science — S Hoefiuh 


The correlation of empincal facts reqmres qualities of the mind different 
from those omplojed in observation and experiment Both quahtics are 
not alwaju located in tho same indi-vidual Some excel m the one, not 
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m theother Pnpstley and Schecle, for mstinec^ venp admiraWe observer?, 
but they were not bnlhint in the work of corrclatJon , Dalton and I/i%oj«jer 
were not piitjeojlarfy di«tinguj'!lisd ns experimenters, bnt they cxcelleel in 
correlating expenni'^ntal data 

There IS still a higher te-po of ■nork for but a feu Peckers af^er know- 
ledge It js — 

To search Ifu^’ all 

And ron/'h thf* law tritlun th^ law — ^T£"wso 

Particular groups of facts must be unified or generahzrei into a system 
— ^the so-called law As I lui\ c pointed out cW v ben,, Xc vrton’s celebrated 
law epitanuze^ in one simple statement hov boche» baic nluays been 
observed to fall in tko past Xewton did not disctner tbc cause of the 
fallmg of the appl*', but be did show tbet it was due to the openition 
of the same forces winch hold the earth, the planetJ', .ind their satclhtes 
in their appropriate orbus TIk scientific generalization cxjihms the 
operations of nature be slioiring the elements of sameness in what at 
fiist si^it appear* to be a confu‘«l jumble of p^K nonK na Generalization 
IS the golden thread which binds many facts into one simple description 
The rare eiuahty of mind require^] for ih' v ork of generthyation h found 
only in a Xewton and in a Dannn Plato said that if_c\cr he found r 
man who could detect th'* on" in many, he would follow Inm ss a god. 


I 4 The Aim of Science in general, and of Chemistry in particular. 

Ia.{ us rc^j'inb'r pVi-j tna* f^nreh for t !’0 con»Uiu!ion of the wodii 
is one of Inc (irr attot tinn noLI^t ppobh - is pres'- r/et5 b* nature — ij G it irci 


Stience ernbricc-s the sum-total of human knov ledge and it mngts 
met the whole realm of naiure. Science js not a mass of empirical kmov - 
gamed bv olxrration and txprnra-’nt, but it is an oigamz«i Lodi 
of facts wlutli have Ijeem co-ordinated and gencrabzed into a p\<-icrn 
{sctence tacith assume* tint niture is a hirroonioui, umtv. Science 
fice}.s a complete knov Mgc of the multitude, of inter relilfd parts of the 
umrerst which act and react on one amdlitr prwluang cndlc-s* di\ersil\. 
In fine, saence aims at omnisaencc, Tl,c. target, howt\er. appears to 
T^yvem— knowhrige, and fcaence might well confess mth 

So runs iiy drf ara , But i luu atn 1 1 
An infant erving in th» nicrlw , 

An in/i nt criing for the Iiri*t » 

And with no Ian,nia£o bat a crC 

Our fwble int Ins rendered it necessary to rear a tree of mcntific Imow 
ledge with ^ny branehos- aefronomr, phypics, cbemistn, min'ralocv 
geology, biology, sociology, etc. “The divisions of the teicaccs JS 
Bacon, are like the branches of a tree that join in one trunk ” 
T>ia therefore, more or closely rehted one mill another 

Th« saence of, chem^^ is man’s atfernpt ^ cla ssify his 

•o »c,„ , 
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knowledge of all the different kinds of matter in_^the,umverse , of the 
ultimate constitution o^ matter , and of tdie phenomena which occur 
wheri ~^e diff ered "lands" of matter" react one „with .another The 
scienre of cheiSitry is' itself so vast that many branchlets are neoessaij' 
for useful work, and thus we have inorganio chemistry, orgamc chemistry', 
physical chemistry, mmcralogical chemistry, bio chemistry, agncultural 
chemistry', metallurgy, etc The chemist alro frequently aims at applymg 
his knou ledge to useful purposes in the arts and mdusines , thus anses 
apphed, industrial, or technical chemistry 

§ 5 Experiment. 

Evporiment is tho mtorpreter of nature Espenments never deceive It 
IS our judgment which sometimes deceives itself because it expects results 
which oxponmont refuses Wo must consult experiment, v arymg tho cir 
cnmstances, until wo have deduced general rules, for expenment alone can 
furnish reliable rules — Leohabdo da VnsOi 

Cliomistry is laigely an expenmental science The chemist would not 
make much progress if it were only possible to observe phenomena just as 
they occur in nature , and not possible to make observations under deter- 
minate conditions By experiment, it is possible to make combmations 
of different forces, and different forms of matter wluoh are not known to 
occur in nature Eveiy experiment has the character of a specific ques- 
tion Tho skilled cxxionmentcr knows what he is oskmg, and ho tries Ins 
best to interpret nature’s reply, bo it affirmative, negative, or evasive, 

!j Natural phenomena, per se, arc usually too complex for our mmds 
to grapple Phenomena must bo simplified by simple experiments This 
idea was m R Hooke’s mind when he said “The footsteps of nature are 
to bo traced, not only in her ordinary course, but when she seems to bo 
put to her shifts, to make doubhngs and turmngs, and to use some kmd 
of art m endeavounng to avoid our discovery ’’ The more mtneate the 
expenment, tho greater the probabihty of on obscure and ambiguous 
result As Lavoisier has pomted out, “it is a necessary pnnoiple in 
expenmental work to eliminate every comphcation, and to make the 
experiments os simple as possible ’’ 

Joseph Priestley lieheved in makmg a largo number of haphassard 
expenments, and ho discovered oig'gen by trying the effect of heat on 
“ many' substances,” apparently selected at random by Jolm Warltire of 
Birmmgham Thomas A Edison, also, appears to have discovered tho 
phosphorescence of calcium tungstate when exjiosed to Rontgen’s rays 
by deliberately trying tho effect of these rays on a large collection of different 
substances Tlus old pro^o method of experimenting by “trying every- 
tlung” IS necessary m some cases, and, though usually dubbed “cmpincal” 
or “ rule of thumb,” the process is fundamentally scientific,^ but it is not 

nml Iho Livoisionan chomislty no scionco ns long ns oxygon wns tnkon for 
tho pnnciplo of nciditv Indeed, tho chomistry of to dny could vorv easily bo 
proved to bo notsrionce, if “mnn’s ottompt” woro to bo reiectod unless it can 
1)0 prov csl to bo “ tho whole truth and notliing but tho truth ’’ 

' Empirical is donv ed from n Grvek word meaning exporienco It lins boon 
omptiftsized in the text that nil knowlodpo is denv ed from exporienco, nnd lionco 
oinpiriPisin viotild npponr to bo tho right motiiod of acquiring knowledge Tho 
term however lins Hliglitlj rhnngod in incnntng for it in non untinlly applied to 
chnnne cxperioncos winch occur irregulnrly without ony orderly plan of 
inv estigntion 
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usuqHv Gcononucal in tunc sind labour* Discovoncs then due* as 
Pnestiov believed, more to “chance^ than to"‘an33S!Jy?''3esi^ or prc- 
conceiyed theory ” More frej^ently Jhc track of^_thc oxperunenter is 
bj^ancans of u orkuig h\ poXircsos. 


4 I 
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§ 6 Hypothesis, Theory, and Law 


Wo nro gifted with tho power of unagmation, niid b\ tins power 'i\c can 
enlighten the darknoss nliich surrounds the world of the sense? Bounded 
■f and conditioned bj Ko operant reason, iiiiapnation becomes the inigliticst 
instrumont of tho phjaical diBco\orer — J Tvndm.i 

It is a popular belief lliat “the nun of science is io explain things ” 
As just indicated the so-calle<l evjilnnalions of sticnco do not usunllj' get 
much beyond descnbing (he observed facts in the simplest possible terms 
The description may cmphnsiye the history of a phenomenon or the con- 
ditions under which a phenomenon occurs, in other wortls, •'cicncc maj' 
explain a phenomenon bv describing how one event is detenmned bj-nn 
antecedent event — sometimes called a cause , and how one particnlnr set 
of conditions — ^thc cause or causes — can give nse to another set of con- 
ditions — the event, but owing to the himtalion of man’s understanding, 
we are far, verj far, from comprehenduig tho true relations and the true 
causes of natural phcnomcni In consequence, we are comjielled to 
build an imaginai^’ model shovnng how a given set of conditions — ^thc 
hypothesis — can produce a particular event A phenomenon js then 
explained byshow'ing that it would !» bound to occur b\ tho operation 
of the set of conditions jxistnlatcd bj the hypothesis, X Consequently, 
hj*potheses arc essentinlh guesses at tnith. 

Hypotheses precede observ'alion and prompt ex-periments Hence, 
when Leonardo da Yinoi (c 1500) said that “ hv jiothesis is the general, 
and experiments nic the soldiers,” he probably meant that hypotheses 
direct or indicate what expenments should be made Accordmglv, 
hypotheses are indispensable aids in the systematic quest after the 
secret meaning m nature’s deeds An hypothesis mav seem to be 
the logical consequence of known facts, or it may bo a landom tbsh 
of the imagination However probable an hypothesis might appear, 
both the hypothesis and the logical consequences of tlie hypothesis 
must be tested by comparison with facts It is not wise to dogmatize 
when direct trial is possible , it is so easy to err — by ignorance or 
oversight — that even when a conclusion apjicars to lie iiidisnaiably 
connected with known facts, the test must be apphed. If one hv-pothcsis 
does not fit tho facts, it is discarded, and a modificaUon of tlie old, oi a 
totally new hvTiothetis is tned “To try wrong guesses is apparently (he 
only way to lut the right ones” Tins method of “Inal and failure” is 
continued until a successful guess crowns the investigation , but one sinelo 
1^1 ronflict tetween fact and hypothesis will destroy the most plausible 
hy^thcsis Quoting^ Faraday ' “The world little knows how, many 
theoncb which have passed through tho nund of an 
investigator have been crushed in silence and t-ecrccy bylus own severe 

Jnost successful snslanccs 
not a tenth of the suggestions, the hopes, the wishes, and tho piehnumirv 
conclusions have been teabzed ” mo ineiinuntiry 
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An hjrpothesis contaltiB a speculative term, an assumption wluoh goes 
heymd the observed facts , wlulo a law is a gonerabzation Mhich dots not 
extend beyond tbe observed facts A lav is thus limited by the facts it 
describes When an hypothesis has been so extended that it has a wide 
and comprehensive scope, the hypothesis becomes a theory lake the 
hypothesis, a theory usually contains an “improved assumption ” — eg 
the kmetic theory, the etoimo theory, etc ^ 

Two or more contradictory hypotheses may be consistent with the 
facts, both cannot be nght There is, then, nedd for an experimerdum 
eructs — an experiment which mil decide in favour of one, and exclude 
the other An hypothesis is supposed to be established when it, and 
it alone, is in harmony with known facts The hypothesis then 
ranks as a theory or law Laws, theones, and hypotheses are all on pro 
bation However successful a theory or law may have been in the past, 
directly it fails to interpret new discovenes, its work is finished, and it 
must be discarded or modified On account of the “ unproved assumption ” 
embodied m all hypotheses, they are of necessity transient, fleeting, and 
less stable than theones , and theones, m turn, are less stable than laws 
A theory behoved to-day may be abandoned to-morrow Hj^iothcses 
and theones are contmually changmg Science m making is “a battle- 
field of competmg theones,” the path of progress is strewn mth dymg 
and dead hypotheses 

The student will now recogmze tuo important methods of scientific 
investigation 

1 Bacon's dedue/tie method — Here the facts ore collected, and oxhaustii’oly 
classified until the generoheation bocoines clear The method proceeds a partteu 
Ian ad universale 

2 Newton's inductive method — Provisional generalizations, called '* hypo 
theses,” or “ working hypotheses,” are devised to explam phenomena Observa 
tion and exx>erimont are afterwards employed to test tlie vahdity of the proposed 
generalization. 


Summary Aocordmg to Bacon, facts ate used to make theones 
from , and accordmg to Newton, to try ready made theones by In order 
to illustrate how the inductive method is employed m scaentifio mvesti- 
gation, let us try to find an hjTiothesiB to explam why certain metals 
increase m weight when calcined m ait Several other important examples 
mil be given later, for mstance, “Lavoisier’s experiments on the trans 
formation of water into earth”, “Maj'ow’s work on combustion”, “the 
phlogiston hypothesis,” etc Newton’s phrase hypotheses non fingo (I do 
not frame hypotheses) is often quoted to show that he discountenanced 
the reductive method of soicntifio mvestigation This is based "on a mis- 
understandmg, for Newton, on the contrary, asserted that “no great 
discovery was ever made mthout a bold guess ” 


1 Some ^vnters — e g W Ostwald — apply the term " theory ” to a generahza 
tion Whicli does nbt e\tead beyond the observed facts, and m that case ” theory ” 
becomes ” law ” when tlie generalization has a wide and comprehensive scope 
There nro thus, at least, two distinct uses of tho term “ theory^’ For historical 
reasons' tho terms may appear to be confused because the passage of ‘ hj po 
thesis ” to “ theorv or of * theory " to ‘ law ” has not always been attended by 
a change of the corrcspoiidmg terms — e.g Av ogadro’s “ hypothesis,” by tho 
deSmtionami the text might be called a “ theory ” 
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§7 Key’s Experiments on the Calcination of Metals in Air 

Let nil the grontest minds in the world bo fused mto ono mmd, mid let this 
cteat mind strnm o^er^ nerve beyond its power > lot it seek diliCTiitlj on 
the cnrtii nnd in the lionvons , lot it senroh o\ on npoK upd cranny of iinturo , 
It will onlv find the enuso of the incrcnsod weight of the calcjncd motnl in 
the air — Jj- \n Hi v (1C30) 

Ab early ns the eighth contuiy, the Ambiau chcimst Yeber-Abou- 
MouBsah-Djafet Al-Sofi, commonly called Goboi,^ knc\\ that when 
metallic lead is calcined in air, the resulting calx is heavier than 
the original metal - The inoieaae m -n eight seems to have surprised 
and puzzled tlio carhei ohomists Tlio result ivns, laloi on, sjiid to be duo 
to " the absorption of tho vapours of ohnioonl,” or, as R Boyle (1683) 
expressed it, to “ the arresting of igneous coi-posclcs ” ulneii pas<5ed through 
the walls of the vessel in which tho inctnl wn^ calcined, or to “ the rcniot al 
of mattei from the calcninig vessel ” T]io«c Iniiothe^es, more or less 
■ niodifi^, were in loguo for iicarij' a century Jean Roj' (1030) appears 
to have been the fust to test tho hypotheses by an aiipeal to cvpciimont 

1 The facts — ^Tn order to'iSInrify the mind, lot us review (lie fnol s, Four 
things arc present during the calcination of the metal in nir (1) Tlio 
oontammg vessel or crucible , (2) Tlie metal being calcined , (d) Tho 
air, and (4) TJic soureo of heat. Again tho metal and tho containing 
vessel weigh more after the calcination Ilian they did before, 

2 The hypotheses — ^lu apiilymg tho mduotivo method of mvestiga* 
tion to these facts, if is necessary to rex icxo every ntUoml erplaxiahon con- 
sistent mtJi the facts, and to eramtnc each Jiypoiliesis imparhally, since, ns 
emphasized above, it is iiccessai\ to show that tho explanation finally 
selected is alone consistent W'lth the facts This extension of the inductn o 
process might be called tho method of exhaustion It is a mistake to 
confine the attention to one hypothesis, because that might seriously 
limit the range of the inquiry Tho mind unconsciously assimilates 
evidence in favour of a pot hj^iothesis , and a iict lijpothcsis is apt to 
grow from a favonicd child to a tjrannicnl master Four plausible 
hypotheses may bo suggested to explain the cause of tho incrcnso m 
weight (1) the gases, etc , from the souico of licat unite mtli tho con* 
taming vessel , (2) tho an umtes with tho contaimng vessel , (3) tho gases 
from tho flame penetrate tho crucible, nnd imito with tho mct,il , and 
(4) tho air umtes w ith tho metal ® 


' Many discovcrioi nro attributed to Gobor (died 777) wlucli appear 1o linvo 
wrongfully crept into tho Latin translations of bis writings , for iiislancc, tho 
discovery of sulphuric acid is genoraUy attributed to Qebor, although L Lippiiitinn 
(1901) has stated that sulphuno acid was not knoirn to tho arnbinu writcia prior 
t^976 A D Many consider “ Gobor to ho a my thieal jicrsoniige 

* Tho process of heating a motnl in air so ns to oonv ort it into a calx, m onlled 
<Mlciruxtion Tho calces nro generally equivalent to what tlio modoru chemist calls 
‘ metallic oxldos ” 


» The phlogiston theory— that on cnlomntlon metals lose a liypotholical svdi 
stance called p/itof/istou— is discussed later AccoidingtoG K bfnhJ(1723) “the 
fact that mctnls, when transformed into their (.nlcos, ineroaao in weight does not 
disprove the phlogiston theory, but, on tho contmrv , conanns it, boenuso phlogiston 
IS lighter than air, and, m conibinmg with eulistuncos, strives to lift thmn and ho 
decreases their weight , eousoquontlv , a substance which has lost phlogiston must 
be hoaviop It may not soom rational to postulate tho ovistonco of a mihstunoo 
weighing less than nothing It will bp observed, however, that tho assertion 
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3 Testing the hypotheses by experiment — ^By heating the crucible 
alone, 'without the metal, no change m weight occurs This “blank,” 
“ dummy,” or “ control ” expenment shows that neither the first nor the 
second hypothesis inll account for the mcrease m weight of the metal 
The third hypothesis can be tested by hoatmg the cmcible and the metal 
out of Contact with the air There is then no change m the weight of the 
metal The third h3rpothesi8 is therefore untenable This method was 
not practicable for the early chemists, and hence Rey employed a less 
decisive test It might be expected that if the results depend upon the 
absorption of the flame gases, different results must be obtamed by usmg 
different sources of heat — sun glass, etc. — but the same results are obtained 
in every case, and accordmgly the thud hypothesis is probably 'wrong 
^ 4 The conclusion — ^Apparently the only constant factor is air TAe 

I. sole invariable antecedent of a phenomenon ts probably its cause Hence, 
unless somethmg has been overlooked, we conclude that when metals are 
heated m air, the mcrease m weight is due to the fixation of air by 
the metal, and not to the absorption o( furnace gases, nor to variations 
in the 'weight of the vessel m which the calcmation is made 

Rey also made the mterestmg unforeseen observation that “ nature, 
jin her*insorutable wisdom, has set hmits which die docs not overstep”, 
“in other words, however long a metal may be heated tn atr, a definite weight 
I of each metal can combine with only a definite maximum amount of atr 
Students to day regularly repeat Rey’s c'qicnmen'ts on the metals — under 
various guises — as class exercises The foUo'wing table is token from 
students’ laboratory notebooks — 


Tabub I — Action op Air ov the Caloinaxion op the SIetaxs 


Metal 

Weight of 
motal 
Gram 

Weight of 
cabc 
Grom 

Increase in 
weight 
Gram 

Batio Weight 
air absorbed 
Metal used 

Magnesium 

1 

1668 

0-658 

1 1 62 

Zmo 

1 

1246 

0 246 

1 4 06 

Alummium 

1 

1 890 

0 800 

1 1 12 ' 

Copper 

1 

1 262 

0 262 

1 3 97 

Tin 

1 

1269 

0 260 

1 3 72 


Hence, one gram of the absorbed air is respectively equivalent to 
(Absorbed air) Magneaiutn Zino AlTunmiuni C!ottper Tm 

1 1 62 4 06 1 12 3 97 3 72 gma 


S Anfaapafaon of new phenomena —A good hypothesis ought to 
predict phenomena which have not been observed, and to foretell the 
results of new expenments , because, if the hypothesis be 'true, it ought 


all mautr is heavy and possesses weight, is only one wy of sayinc tiiat '‘the 
attraction of gro'vitatioii exists betireen all masses of matter ” is bv no 

means a self ei^ent prmciple beoause it is just as easy to conceive of two 
of matter repellmg one anotlier, and easier stUl to conceive of two masses of matt^ 

on® another Hence, the assumption of a phlogiston 
weighing loss than noth^ing is not so silly as is sometim?s supposed H is quite 
“fn’ntter have neier been detected, hSdTcconhngly. we 
i “aTato chSter ” '■ definition of matter ,n§icited 
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to include nil other ca«^ A hypothesis which is not illogical and 
which does not contradict known facts is to be judged by its useful- 
ness The end justifies the means ^ When 1 ho con<^equcncci of a 
hypothesis arc logically deduced, a good hypothesis should not only es- 
plam, but it should also antiapatc facts Roy’s hy^pothesis can be upcd 
to predict new results. In 1770, A X* I.avoiHicr.'w’rolc 

Thus did 1 at tbo lx!ffmnin(; reason with If the incren^o in 

weight of a metal calx (calNnwi in a closed be not due to the ndditfon of 

fire matter, nor of anx other o'clraneoui matter, but to f lie fixation of a portion of 
the air contained in tl«j \cesel, the nhoto \o?<wl after cnlcmotmn. inuKt l>o no 
liea\oer than before, and niwit morclj be parth \oid of air, and the inerea^e in the 
weight of the \c«‘>el mil not orciir until after the air retpiirinl htw eiitt retl 

Lavoisier confirmed this inference expcrinuntdU on aVO\ ember 12, 
1774, although the gifted Rus.'uan chemist, M. W. Lomono'^lT hvi 
come to the same conclusion in 1756, eighteen years before I,a\ojFicr. 


§ 8 Lavoisier's Experiments on the Composition of Air. 

Nature is oicr making aigns to ns, nlio w e\er wlusponnp to n>» the Itogmnings 
of her secrets , the scientifio man must Ih> ever on thn natch, ri'adv at aiua 
to Jaj hold of nature’s bint, Jiowover small , to listnii to her n liviicr how i n r 
low — ^>1 Fostfj* 


Anlomc Laurent Lavoisier (1774) e'ctcnde<l Rey’a experiment a witli 
more decisive results. Lavoisier heated tin along 'iiith nir in a cfotrd 
^essol The vessel containing the air and 
tin did not increase in weight, although pirt 
of the air was absorbed. WHicn the flask was 
opened, air rushed in, and the increase m 
the weight of the vessel was found to be 
equal to the increase in uTight winch the 
tin alone had suficred. Hence, Lavoisier 
concluded, with Rey, that the increase m 
the weight of the tm was solely' due to an 
absorption of the air in which the calcination 
iiad occurred. There was not sufiicienl air 
m tho flask to “ saturate ” all the tin, ami 
some air always romninod as a residue 
^Honoe, Laioisier concludctl further that only 
of the air can combine with the metal 
. ammg the calcination j lie also found tint 
'^tac increase m f/je tccighl of (he (m thtnng 
^calcimhon w cqmJ fo (he decrease vi (he 
iweigkt of the air. Hence, it seems ns if air 
wntams at lewt two constituents, only one 

>.»4« . beu 
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m tlio retort was in oommunioation with tlie air in the bell jar The level 
of the meroury m the bell jar was adjusted at a convenient level, and its 
position “very carefully marked with a strip of gummed paper” By 
means of a charcoal furnace, the mercury m the retort was heated — ^not 
qmto to its boiling pomt Lavofaior said “Nothing of note occurred 
durmg the first day The second day I saw little red particles * swimming 
over the surface of the merouiy, and these mcrooscd m number and volume 
durmg four or five days , they then stopped morcasing and remomed m 
the same condition At the expiration of twelve days, seeing that the 
oalomation of the meroury made no further progress, I put the fire out.” 
After makmg allowance for variations of temperature and pressure, 
Lavoisier noticed that the volume of air m contact inth the mercury was 
about 60 cubic “ mches,” and after the experiment, between 42 and 43 
cubio ‘‘ inches ” About one sixth of the volume of air m the apparatus 
was absorbed by the mercury^ The air which remained m the retort 
1705 not absorb^ by the hot mercury, it oxtmguishcd the flame of a 
burmng candle immersed in the gas , ^ and a mouse lyos quickly suffocated 
when placed m the gas Hence, Iiavoisicr called the gas azote, “from 
the i privative of the Greeks, and fwt, hfe ” In Franco the gns is 
still “ azote,” though m Britain ft is oallcd “ nitrogen,” and m Germany 
“ Stiokstoff,” that is, " suffocatmg stuff ” 

By oolleotmg the red powder and rchcatmg it m a suitable retort, 
Lavoisier obtamed between 7 and 8 cubic “ mches ” of a gas w'hioh had 
obviously been previously removed from the air by the hot meroury 
^Vhen a burnmg candle was immersed m the gas, the candle burnt with 
/ “ blmdmg bnlliancy,” os Lavoisier expressed it , a smouldermg spimter 
of wood burst mto flame when plunged m the gas , and the gas did not 
suffocate a mouse hke azote lAvoisior first oallcd this gas mtal air, and 
afterwards oxygen The latter term is its present day designation Li 
this manner, Lavoisier proved that atmospheric air is made up of two 
jgases — oxygen and nitrogen — of different -and even opposite natures,* 
l^e oiygen alone combmes vnth the metal durmg calcmation 

Assuming that this mterprotation of the experiments is correct, Lavoisier 
inferred that by mnong azote and oxygen m the right proportions, it 
ought to be possible to reproduce atmospheno air This Lavoisier did, 
and the mixture was found to behave with respect to “ combustion, re 
spiration, and the calcmation of metals similar m every respect to atmos 
phene oir ” 

Joseph Blaok (1778) showed that atmospheno air contamed a small 

1 The calx or oxide of mercury is rod It is now called " red oxide of mercury,” 
or *' mercuric oxide ” 

* More exact experiments show that one fifth would be nearer the mark. 

* The old chemists used the terra air where wo use gas m the sense of an oCnf oim 
elastic fluid JobnBaptlsta^anHelmont(Onalnjt.a,orPAy«tal£e/2ned,po8thumon^ 
Eng trans London, 16Q2), mtroduced the wprd gaa into ohpmistiy in order to dis 
tmmish the vapour given ofi by water at ordinary temperatures from steam He 
said the term '^gaa is not for severed from the tAaoa of tbo auntients ” (ancients) 
Just os the ” chaos of the auntients ” was a confused mixture of elements from 
wlncli the Creator produced tho universe, so, to Von Belmont, the vopour of wotec 
vros a confused mass Of elements from which all material substances could be pro 
duoed It IS on easy transition from chaoa to chaa, vrhioh has tho sound of gaa — 
G F Bodwell Some derive tho word gaa from tho gaat (spint) of tho Germans 

* It must be added that K W Soheele (1777) was about tho first to state 
definitely that air ” must bo made up of two kinds of elostio flmds ” (gases) 
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unknown, the fact would be ]m]X)rtant and it would ohnngo the fnccol 
chcniistr\’', but it would not render useless an}' facts wn know about clilorine. 

The old alchemists sought to transform somo of t)ic common metals 
mto gold Whenever the attempt has been made with materials knowm 
to bo free from gold, no transmutation has been obscrxTd 'J'lierc is 
iiotlung intnnsically absurd in tho notion, but nt present, no authentic 
transmutation has been deliberately, or ratlicr mtentionall> , accomplthliod 
l\Tien the evidence has permitted a critical cxamuialion, ever}' recorded 
instance has been traced to a mabobscr^ alien * ; and c\ idcnce winch cannot 
bo tested IS outside the range of sotcntiiic methods 


§ 10 The Four-Element Theory, 

Four clomenti intimnttl} united 
iorm tlio wliolo world — Stniitm 

Tho four element theor\' is one of tlio oldest attempts to cliis.sif\ the 
multitudinous forms of matter which make up the world To tlic eirl} 
philosophers, the world was composed of four distinct principles or entili(«i 
--the earth typified all sohds , ita/cr, liquids , oir, the winds, clouds, 'liiul 
the breath, and lastly fire which was tho symbol of the Min, and wor- 
ship^ by many as a god Hence, m the writings of the alchemists, we 
umally find a chapter dm oted to this quartet oirt h, w ater, nir, and iiix . 
The early philosophers added a fifth elcment-^i,«tu Ciif«/m-i«rhaTi, 
analogous with (ho primal matter of the Greeks Tins was Mipposed 
to bo a subtle c^ract. the ''quintessence of tho other four Tim nnciwit 
andu plulosophcm had prcMously added a fifth element wlneh, in 
their s^stom. was supposed to be the medium for proiiagatinp loiind 
cte , and which, m consequence, had something m amnion with the 
modem concejit of an rcther pen ndmg all sp.ice - 

four-element thcorj' was dcmohslied when water, air, and (ho 
mrths were decomposed into still simpler bodies , and when fire w-is shown 

ms of cncig} It is probable that the (t rin ' clemtnt 

was not us^ by tho old philosopliere m the same foiK-o (hai it i« to da\ 
Whatever the idea iiuoivcd in tho four tloinent (LoV; i i 

* Air,Sot?Kthcr?« ''oric 



CHAPTER U 

Combination by Weight 

§ I The Law of Constant Composition. 

Nature m her unscrutable 'wisdom has set himts which she never over, 
steps — Jeai« Ret 

Attentiok must now be directed to the singular observation made 
Jean Boy (1630) that during the caloination of a metal m air “ the weight 
of the metal moreased from the be ginnin g to the end, but when the metal 
IS saturated, it can take up no more air Do not contmue the calcmation 
in this hope you would lose your labour ” The examples previously 
quoted — ^Table I — ^havo shown that one gram, and only one gram, of air is 
absorbed by defimte amounts of the given metals under the conditions 
of the oxpenment, and Lavoisier’s work proves that the oxygen of the air 
IS alone absorbed. Acoordmgly, one part by wci^t of oiqrgen is equivalent 
to 

Oxygen Magnesium. Zme. Alunumum. Copper Tm. 

1 1 52 4-06 1 12 3-97 3 72 

Instead of taking the weight of oxygen umty, it will be more convement, 
later on, and also more m accord inth gener^ usage, to make oxygen 8 
instead of umty Hence, multiplymg flie precedmg numbers by 8, we 
obtam 

Oxygen. Magnesium. Zmc. Alunumum Copper Tm 

8 12 16 32 48 8 96 31 76 29 76 

HHicn magnesium is calcmcd in the pri^nce of oxygen, or oir, the 
metal always mutes ivith the oxygen m the proportion of one part of 
oxygen per 1 62 parts of magnesium, or 8 parts by weight of oxygen per 
12 16 parts by weight of magnesium The same pnnciplo obtains when 
magnesium oxide is made m several different ways, and likewise with 
the other mctalhc oxides Hence, as P G Hartog puts it two like 
portions of matter have the same composition. The converse of this 
statement is not necessarily true 

The exact work of J S Stas and of T W Richards and many 
others has firmly established this deduction for the regular type of 
chemical compounds J S Stas (1860), for example, studied among other 
things, the composition of silver chlondc prepared by four different processes 
at different tempomtures Ho found that 100 parts of silver furnished 
132 8425, 132 8475, 132 842, 132 848 parts of silver chloride , and that 
___ncithcr the temperature nor the method of preparation had anj influence 
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on the composition of the chloride Tlio diffcrciicc between the t^o 
extremes is less than 0 000 part per 100 parts of sihcr 01ns shons 
that the errors, incidental to all cxpcnnicntal vork. ore here remarkably 
smaU Hence, Stas stated “If tho recognized con*-‘tanc> of siaWe 
chemical compounds needed further dcmon&t ration , I consider^ tlic alfno‘'t 
absolute identity of inv rcsulU has non completclj proved if 

The studcnfe'inll take notice that ire arc vmlk to froxc the Jato of con- 
stani j)ropor(ions tciih w^fhoMhcal exadness Iloirtier dctijifl a cftou}^ 

' mayle^ tl ts tmpossiUc to male an exact mcaMirnnmt tetthovt commxUtnyan 
“ error of dbsetvahon " or an “ error of cxpcTxmenl “ It is assumed that (he 
email difference 0 005 per cent betucen the two c\trcme resnlts of Stas 
(1) is nhoUy due to the unavoidable errors of c\pcnmcnt, for uc cannot 
expect an exact solution of the problem , and (2) is not due ^ a x erj 
slight incxa^itude m the lau of constant proportions. (Cf p 473 ) 

The composition of a definite chemical comjiound appears to be 
independent of its mode of formation, and therefore it is infcnx‘d that 
substances aluays combine in definite proportions If an excels of one 
substance be present, the amount in excess i^ cxtiapcous matbr This 
deduction from the observed facts is called the Jaw of definite proportions, 
or the law of constant fcomposition a particular chemical compound ' 
always contains the same elements united together in the same pro 
portions Probably no generalization m chcmistrj* is more firmh estab- 
lished than this It x\as not discovered by any particular man, but 
gradually grew among tlic doctnnes of cliemistrj Tin* law was tacitly 
accepted by many before it was o\ertl> cnuncmled — ey J P»ej (1030), 
L Hewton (1706), G L Stahl (1720), P G Ronclic (1764), C F. Wenzel 
(1777), T Bcrgniann (1783), etc 8o great is the faith of cJjtmist«i in tho 
truth of this gcnerabzation tliat a few accurate and careful cx|>enmcnts 
arc considered sufficient to bcIIIc, once for all the conipocition of a sub- 
stance For instance, if a substance po<!Scseing all the properties of inag- 
nosinm oxide be given to a cbcmi=t, without taking any more trouble, lie 
knoivs that it will cont^n 12 10 parts of magnesium for ovciy 8 x»airts of 
oxygen uJi 

j Historical — Tlie validity of the law was tho subject of an int» re'^ing 
control ersy dunng tho years between 1800 and 1808 ,7 L. Prou«t mam- 

tamed that constant composition is the mxannblc rule , C L BcrtlioHct 
mamtamed that constant composition is tho exception, variable com- 
jjosition the rule Proust’s wor^ are worth quoting 

According to mv mcw, a compound is n pmilcp«J product to winch niUiiro 
Im assigned a fixed compOTition Nature noxor produces a compound, ex on 

through the agency of man, other than halanco in hand, /^xnirfrrcrffnmurmj Uftweeu 

polo and pole compounds are identical in composition Their anjviarnnc© max* 
xa^ oxring to their manner of agcregation, but their propcrti/s nexcr No 
differences has o >et been obsorxod lictwccn the oxidts of iron from tho fcowth. 
and those from the Nortli , the cinnabar of Japan has tho samo compoxiiion as 
the ci^bar of Spain , silxer chloride w idonticullx the snmo whether obtained 

It might he thought that poiitivo iKsotlionq of thi, kind, biuikod bv 
accurate experimental xvork, would leax e no subject for disputation. Buf, 
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surveying the battlefield in the li^t of the present-day knowledge, it 
seems that another quite different phenomenon was confused with the 
law of constant composition , and the methods of analysis were not very 
precise Some, probably from the unfounded behof that “ Proust de 
scrvedly anmhilated Berthollet,” call the generalization discussed in this 
chapter, “Proust’s law” We shall see later that a phenomenon which 
Proust apparently did not clearly recognize prevented him from annihi 
latmg Berthollet 


§ 2 Physical and Chemical Changes 

One element or compound is distmgmshed from all other elements 
or compounds m possessing certain specific and charactenstic 
properities First and foremost, a ohemioal compound has a fixed 
and dcfimte eomposition , then agam, it melts and boils at defimte 
temperatures , its specific gravity, specific heat, colour, odour, behaviour 
when in contact with other substances, etc , are charactenstic of one 
particular ohemioal compound IVhen the meltmg pomt of, say, pure 
silver chloride has been once accurately detcrmmed, it follows that 
all other samples of pure silver chloride will molt at the same tem- 
h jieraturo under the same conditions. The more sahent charactenstic 
properties of an element or compound are employed ns t^s for its identifi- 
cation — that IS, for distinguishing it from all other knoivn compounds 
Tlius a student Mould be piobably correct in stating that a solution con 
tamed a silver compound if it gave a ulute precipitate when acidified 
Mith hydroohlonc acid, and the precipitate mus insoluble in hot Muter, 
and soluble in aqueous aramoma 

Physical changes — ^Whon hquid water becomes fee or steam there is no 
change in the chemical nature of the substanco, for the matter which makes 
steam and loo is the same m land as that of hquid water A substance 
can generally change its state, os when hquid water becomes steam or ice 
Tlio idea is further emphasized by the fact that m most coses a substance 
IS called by the same name, uhethor it be m the sohd, hquid, or gaseous 
^te of aggregation, eg , we speak of “ hquid ” oi^gen, “ hquid ” air, 
“ molten ” silver chlondo, etc Again, matter may change its lohme by 
expansion or contraction , it may change its texture, os when a porous 
solid IS compressed to a compact mass , it may change its form, os when 
matter m bulk is ground to ponder , it may change its magnetic qualities, 
as when a piece of soft iron m contact mth a magnet attracts other pieces 
of iron, etc It is conventionally * agreed to say that m none of these coses 
of physical change is there any evidence of the formation of a now sub 
stance , and that the matter docs not lose or change those properties 
which distinguish it from other forms of matter A physical change 
involves an alteration in the properties of a substance without the for- 
mation of a new substance 


i. that m writing tins book I have found this chapter to be the 

most difficult Wo have some uncomfortable doubts if magnetized ond demag 
nctizod iron can bo c^Ied the same kind of mottcr similar remarks apply to sav 
monochnio and rhombic sulphur , ond to water at -20“ -1-20“, ond -1- J20“ Tlie 

bIIIi difficulty after rending § 3 in the chapter on “ Water * 

nnd § 1 m the chapter on “ Sulphur ” 
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Chemical changes— Wion nrngncamm metnl is healed in air, a nhite 
powder IS formed, and when mereurio oxide is similarlv treated, merciirj 
^d oxygen arc obtained Tlio action of heat in both cases funnslics 
forms o*f matter aith very difTcrent specific proiierlies from tho‘-c fonns 
of matter employed at the start ( A chemical change involves the 
formation of a fresh substance or substances, with different specific 
properties from the original substance or substances^ In both eliomical 
and physical changes, as ne shall soon find, the total mass of matter before 
and after tho change remains constant, but m chemical changes alono the 
lind of matter alters 

It IS not alwajs easy to distinguish between physical and chemical 
changes, because the only real distinction belaecn the two turns on the 
question Is there any evidence of tho formation of a neu substance 
durmg the change ? The ewdcncc, as nc shall soon see, is not nhiajs 
conclusive. 


§ 3 Compounds and Mixtures. 

f^x The constitue nts of a compound are combined in definite p ro* 
portio ns — Tlic law of constant proportions is of fmitlaihental importance 
in forming a conception of the meaning of the term “ chemical com|KiuiicI/* 
If a substance produced m 
different 1 va^s be not con 
stant in composition, it is 
not considered to be a 
chemical compound, but 
rather a mixture 1 B 
Bunsen (184G), for ex- 
ample, shoivod that tho 
proportion of oxygen to 
nitrogen in atmospheric 
air is not constant, because 
the oxygen varies from 
20 97 to 20 84 per cent 
by volume, by methods 
of measurement wth an 
error not cxceedmg 0 03 
per cent Hence, tho 
oiygcn and nitrogen in 
atmospheric air are sail 
to be simply mixed to- 
gether, and not combined 
chemically We shall soon see, houevor, that substances uifh a dcfimlo 
composition are usually, but not always, chemical compounds 

* are h o mo geneous, miviiiri..; are usually Iietero-i 

1 ;?“^™tivoly easy to detect o“f "sui'ai^d land 

IrTSrffixtwc of tho two, and a simplo mspcotion of a piece of CoiniRh 
^rate TOll show that it is a rmxturo of at least four constituents— siherv 
flakes of mica , black patches of schorl , -whitish orj-stals of felspar and 
clear glassy crystal of quartz A photograpjli of a iimi slice of th[s’ rod^ 
as it appears under the microscope magnified about 50 diameteil” 



Fio 2 — Cornislj Grnmto (X 50) 
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show in Eig 2 Although the partioles of felspar, mica, schorl, and 
quartz differ from one another m size and shape, no essential difference 
can be detected m the composition and properties of different samples 
of pure quartz, pure felspar, mica, and schorl Hence, it is inferred 
that the sample of gramte is a mixture of schorl, felspar, quartz, 
and mica , and that each of these minerals is a true chemical oom> 
pound. Very frequently, the constituents of a mixture are too small to bo 
distmgmshed by simple mspeotion, and the body appears homogeneous. 
A microscopic exanunation may reveal the heterogeneous ehoraoter of 
the substance Blood and milk, for instance, appear to be homogeneous 
flmds, but under the microscope the former appears os a colourless fimd 
with red corpuscles m suspension , and milk appears os a transparent 
hquid contammg innumerable -white globules (fat) Naturally, too, the 
stronger the magmfication, the greater the probabihty of deteotmg whether 
the body is homogeneous or not Sometimes the microscope fails to detect 
non homogeneity under conditions whore other teste mdicate hotero 
geneity ^ 

B^ore constant composition can be accepted as a proof of chemical 

g ibmation, it must also be shown that the substance is homogeneous A 
tiogeneous substance is one in which every part of the substance has 
ctly tKe same composition and properties as every other part. A 
stance may have a fixed and constant composition and yet not be 
Siomogoneous — e,g , ciyohydrates and eutectic mixtures to bo dcsonbed later 
substance may ^ homogeneous, for all wo can tell to the contrary, and 
^et not have a constant composition—^ g atmospheric air , a solution of 
sugar m water, etc This simply means that aU chemical compounds are 
homogeneous, hut all homogeneous substances are not eJicmxcal compounds 
mde^, it IS sometunes quite impossible to tell by any smgle test whether 
a given substance is a mixture or a true chemical compound 

3 The constituents of a mixture can usually be separated by 
mechamcal processes — ^The properties of a mixture of finely powdered 
iron and sulphur have been used m chemical text books smee 1823 to 
illustrate the difference between mixtures and compounds. It would 
be difficult to find a better example Bub together a mixture contammg, 
say, 6 grams of iron and 4 grams of sulphur m a mortar, and note that 
(1) the colour of the mixture is mterraodiate between the colour of the iron 
and of the sulphur , (2) the partioles of iron and sulphur can bo readily dis- 
tmgmshed under the microscope , (3) some of the iron can be removed 
ivithout difficulty by means of a magnet , and (4) the two can be separated 
quite readily by washing the mixture on a diy filter paper by means of 
carbon disulphide The sulphur dissolves m the carbon disulphide , the 
solution can be collected in a dish placed below the filter paper , and the 
sulphur can be recovered by allowing the carbon disulphide to evaporate 
from the didi Sulphur romams behmd as a orystallme residue (Eig 148) 
The metallic iron remams on the filter paper fere then the constituents 
of the mixture have been separated by the mechamcal processes — ^mag- 
netmg, and the action of solvents. It is not always possible to apply 

1 See a later section on *• tFltranuoroscopio Farticlos ” It may seem cunous 
to refer a student to a later chapter The reference, of course, is intended when 
the book is road a second tune, not tho first tune A test-book should be read 
forwards and backwards 
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these tests Solvents, as no sliall find later, sometimes dccomposo a com- 
pound into its constituents, or oon\orscly, “ cause ” the constituents o£ n 
mixture to combme 

4 A mixture usually possesses the common spcciAc properties of 
its constituents, the properties of a compound arc usually characteristic 
of itself alone — ^Tho properties of a mixture are nearly alwnjs nddituo, 
1 c , the resultant of the properties of the conslituents of the mixture. For 
instance, a nuxturo of equal parts of a white and hlaek jioudcr will he 
grey. The specific granty of a nuxturo of equal lolumcs of two sub- 
stances of specific gravity * 3 and 5 will be 4, because if one o,c of water 
weighs one gram, there will bo a mixture of 0 5 c c weighing 1 •> gram of 
one substance , 0 5 c c of Uio other substance weighing 2 5 grams , and 
1 5 -f- 2 5 = 4 grams per c o It musi be added that such pmpcrlies of 
compounds are additive, for they arc the sum of the jiroperlics of their 
constituents 


DxAMri.ES — (1) What is the specific gravity of air containing ri mixture of 
one volume of ox>gen and four volunicH of nitrogen when the Rptcific t,ra\itN of 
oxygen IS IG, and tbo spccifio grnwti of nilrogtn, 14 01 J One fifth volume of 
oxjgon weiglis 3 2 units, and four-fifths volume of nitrogen weighs 11 2 unns 
Hence, one volume of the mixturo will weigh H 1 units when ono volumi- of 
oxjgcn wciglis 10 units 

(2) Ozonized nir — n mivturo of mr nnd ozone — 1ms n specific grin it v 1 

contains 13 84 per eonl bv weight of iiir, siitciflc grnvatj ujiitv nml 
80 10 per cent of ozone What la the siiccifla gravitv of ozone * llcrc 13 St 
^ms of nir oooupj 13 84 ~ 1 volumes, nnd bO lo grams of ozone occupv 
80 10 — X volumes wlioro z denotes the ppecifie grnvitv of ozone Jltncr 101) 

^ volumes Hence, 73 00 s 

If a portion of tho imxtiiro of sulphur nnd iron indicated above bo 
placed m a hard glass test-tube, and warmed ovci tho Bunsen’s finme. tho 
contents of the tube begin to glow and a kind of combustion hp^nd^, 

test-tube, and nolo 

that (1) tho porous black mass fonued during the action is qmto different 
from the ongmal mixture, (2) tho microscope allows that the nowderctl 
mass IS homogeneous (3) it is not magnetic lik-o iron,- and (4 it civo.s 
up no sulphur when digested with carbon disulphide » Tlic^e fnefs^ad 
to the assumption that there lias been a chemical reaction between the 
ndphur and tho iron, (ifAcn chemteal comhmtion occurs, the rcacfimk 
appear to lose iJietr rndtmdmhttj or identity more or toss com- 1 
tMi is formed has Us oicn distnictncl 

wo number ichKh^reesM^^L^^nuch [‘XT gravUtf 

volume of tcaUr taken at o standard temp^atun and 

either oir = unity, ovygen = 1«, bvdroeM -- I the coho of gtwM 

standard , and in tho case of liquids and solidT watn,. l*^^^®***' “ "a*® tnlcon m 
unity. The groat value of Bpeclflo gravity dam hc^in la V V ‘’A ® '« 

w a number which enables volume measurements to gratyUtj 

weight measurements to be converted into volumM weighti, and 

regarded M tho weight of luiit volume If IhrstniifhwO^l*' 
tho weights are reckoned in grams, and volunfon ~ ^ ^ taken, niid 

no nc^ lioro to distinguish brtwcon density nnd^nlmJ^‘® cehtunctrcM U hero is 

• T ub provided the iron vias not m esS4 ^ 
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S Thermal, actmic (light), or electncal phenomena usually occur 
durmg cheimcal changes —Attention must be directed to the fact that 
a great deal of heat was developed dunng the combmation of the iron and 
sulphur The heat required to start the reaction does not account for the 
amount of heat developed durmg the reaction This pomt is perhaps 
better emphasized by plocmg an mtimate mixture of powdered sulphur 
and zmc on a stone slab After the flame of a Bunsen’s burner has been 
allowed to play on a portion of the mixture for a short time to start the 
reaction, the zmc and sulphur combme with almost explosive violence 
A large amount of heat and hght are developed durmg the reaction 

If a plate of commercial zmc be placed m dilute s^phuno acid, bubbles 

of gas are copiously 
evolved, and if a ther- 
mometer be placed m 
the vessel, the nse of 
temperature shows 
that heat is generated 
duimg the chemical 
action If the zmo bo 
pure, very httle if any 
gas IS developed. It 
makes no difference if 
a plate of platmum be 
dipped m the same 
vessel as the 2 ano, pro 
vided the plates are not 
allowed to come mto 
contact with one 
piece of copper wire, a 
rapid stream of gas bubbles arises from the surface of the platmum plate, 
and some gas also comes from the zmo plate The platmum is not attacked 
by the acid m any way, but the zmc is rapidly dissolved. If a voltmeter 
be interposed m the ouomt between the two plates — Fig 3 — ^tiie deflection 
of the needle shows that an electnc current “ passes ” from the platmum 
to the zmc, as represented by the arrows. The electnc current is generated 
by the chemical reaction between the zmc and the acid, which results m 
the formation of zmc sulphate and a gas. The action will contmue imtil 
all the acid or the zmc is used up. 

N omendature — The junction of the wire with the zmc plate is corn entionally 
called the negative or — pole and the junction of wire with the platmum 
plate IS called the positive or pole For convemence, the zmc or positive plate 
of the cell B is often represented by a short thick line, and the platinum or 
negative plate bv a longer thinner hne as illustrated by the plan Fig 3 Hence 
the platmum in this simple cell is called the positive pole, or negative plate , and 
the zmo IS the negnti\ o pole or positive plate Here O represents the voltmeter 
or gah anometer The \ essel of acid with its two plates is called a voltaic cell, 
and this particular combmation can be symbolized — 

Platmum | Ddute sulphuric acid | Zmo 

The chemical reaction ]usfc indicated is far from being the most econo- 
mical mode of generating clectncitiy, but all the different forms of voltaic 
cell on the market agree m this Electricity is generated dunng chemical 
action 


PUn 



another If the two plates are connected by a 
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The development of heat, hghU or dccirtfmtion are common eoneomi- 
iante of chcmtcal action. The absence o£ such phenomena when substance** 
aro simply mived together is usually taken os one sign tha» chemical 
action has not taken place. When nitrogen and ox^gcn are mixed together 
in suitable proportions to make atmospheric air, there Is no sign ol chemical 
action, and this fact is sometimes cited among the proofs that air is a 
mixture 

Summary — ^The tests for dLstinpuuthmg chemical compounds from misturti 
lOToU o onswera to tho follovnng quest toas 

1 Ate the different coastitucnta united m definite and consfnnt proportions t 

2 Is the substance homogeneous * 

3 Are tho properties of the «ub«t«nro ndditne ’ 

4 f\ero thermal actinic or elettneal phtnotnens deielopod when the t?ub* ; 

stance vras compounded ’ 

^5 Con the constituents bescpaniifcd bj mechanic il proCMsea T 


Mechanical processes of separation —The fo oallotl mechanical pro 
icssesof separation usualh include. (1) Mngneting, hand-picking, s'tting. 
•lutnation, etc , (2) If some mixtures he pheed m liquids of tho right 
peafic graMty, the lighter constituents mil flo,at, ami the linti^r con 
d;ituents \nll sink; (3) Differences m tho solubihtj of the ccnstitucrts in 
mitable sohents, (4) Distillation, freezing, etc 

It ma 3 ’ be useful to again emphasize the fact that the so calhxl 
“mechanical” procesFes of separation, intolving solution, frtczmg, and 
distillation, are not alnajs satitfaciory teds for distinguishing ohomical 
compounds from mechanical mixture^ It is grncralh st.at<-d tjiiU “a 
solution of sugar or of salt in uatcr ts a mochanic.il mixture liccnuse, 
thougli homogeneous, the salt or sugar can he rtcoicrcd nnchangtd from 
the uater by the mechanical process of evaporation ' 'Jins is an un- 
irarrantcd assumption The salt and u.iter nm\ hicc combired. and the 
product of the cheimcal combination may- be decomposed into salt and 
natcr dimng the procc-ss of evaporation 

The above list does not exhaust the available tests, but in spite of 
uhat ire knoiv, there is sometimes a hngtnng doubt uhethcr a particular 
mbstance is a nurture or a true chemical compound Tins arises from the 
fact that some of the tests arc impracticable, others are mdt'cisiic As 
previously stated, owing to our ignorance, it is not aluass ease to slate 
the truth and nothing but the truth ” - . 

« 4 - Circumstantial and Curnulative Evidence 

To find the truth is a matter of luck, the full \nluo of whitl. ,« n,,!,. i 

when can prove that what wo have found w 

«rtaint> of our Imonkdtro is at so low a level that all we can do w lo follow 
along the lines of greatest probabihtj — J J Benri tits ^ 


Suppose a substance is suspected to be a chemical compound because 
homoge^us , on investigation, we find that^t has a fixed 
d^mte composition This venfies our first, suspicion, and the mint 
^imony giv^ a very much more probable concIuLn than cither aloITc 
By piling up the evidence in this manner, for or auainsf nnr citer,,.. 
we^n make a chain of circumstantial cMdence which ° ’ 

probable conelusions to be drawn Each bit of ot-irtenw highly 
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weight It IS cnsy to sec, too, that tho probability that an bvpotbosw 
IS vobd becomes less ns the number ot unp^o^cd nssumplions on which 
it 18 based becomes greater 

We can p\cn got a mimcncnl illustration If tho dcdnile compound 
test bo right nine times out of ten, tho probnbihtv that a giien siibstnnee 
of definite composition is not n true compound is , similarly , if the homo- 
geneous test bo nght three tunes out of four, the probabihtj that the gi\en 
homogeneous substance is not a chemical compound is J , and tho probn 
bility that tho gi\ cn homogeneous substance of definite composif ion is not a 
true compound is Every bit of additional evidence in favour of a con- 
clusion multiplies the probability of its being correct in an emphatic 
manner , and evidence against a conclusion acts similarly in the converse 
jvray Huvloy has stated that one of the tragedies in scicticc is tho slaughter 
'^of a beautiful hypothesis by one incongntent fact , a conclusion based solely 
upon circumstantial evidence is always in danger ot this Damoclenn swrord 

A wTiter has said “ IVlicn two facts seem to be in conflict, wo maj 
bo driven to decide which is tho more crceliblo of tho two *’ Tins state- 
ment may give nso to a misunderstanding We cannot admit tho possi- 
bihty of two contradictoiy facts. Facts can, and often do, contradict 
hypotheses. Again, a fact is a fact and cannot bo disputed If there 
be any doubt about tho truth of an alleged fact pomcthiiig is wrong Tho 
laboratory, not tho studj, is the place to dooido if tho •vllegcd fact is the 
result of an incompleto or of a mal observation Facts qu 6 facts cannot 
bo graded in degrees of probability or credibility 

§ 5 Analysis and Synthesis 

It 18 Burolj not fitting for n chemist to mnko a Inrgo number of expenmonts 
inth tho solo object ot rapidU mnkmg new products, for ho mil then o\cr 
look phenomena and changes during tho opcrntioiin which miglit sene 
na important clues to on explanation ot nature’s secrets — M IV I omo 
nossoFF 

The term synthesis — ^from tho Greek aiv (^), with, Tieiu (titheo), 
I place — ^iB employed for the operations mvolvcd -in making a jiar 
ticular compound from its constituents E g , methods for tho <yntho3i3 
of ferrous sulphide, and also for tho synthesis of various oxides, wore 
described in preceding sections Tho term analysis — ^froni the Greek 
avd (ana), back, (lyo), I loosen — ^is omploj^ for the process of 
soparatmg tho constituents of a compound or mixture Tlius mcrouno 
oxide IS broken down mto its constituoiits when heated Uio object of 
the analysis may be to answer tho question IVliat are the constituents 
of tho mixture or compound ? Tho analysis is tlicn said to bo qualitative 
^ H the relative quantities of the different constituents are to bo determined, 
v the analysis is said to bo quantitative. For instance, if a weighed portion 
of a mixture of sulphur and iron bo treated with carbon disulphide ns 
described above, and tho separated sulphur and iron bo weighed, tho two 
weights should bo nearly equal to tho weight of tho onginal mixture taken 
for the analysis. Tlie numbers so obtained express tlio result of a quanti- 
tative analysis of tho mixture 

Analysis of gunpowder — Gunpowder is a mixture of nitre (soluble 
m water), sulphur (soluble m carbon disulphide), and carbon (msolublo 
m both the solvents just menf^ioned) Hence, gunpowder pan bo analysed 
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by first washing a weighed quantity of the iwwdor on a filter paper with 
warm water, and collecting and evaporating tho filtered solution fodr\iit'fsS 
in a weighed dish Tlio increase in tho weight of tho dioh with its contents 
represent® tho amount of nitre The insoluble residue is dried and treated 
m a similar manner with carbon disulphide, and tho nmouiii of milphui 
determined ns in tho case of the mixture of iron and Milphur The 
dried carbon is then weighed Tho result of n quantitative analysis of a 
sample of gunpowder, cv|)rcsscd m percentage numben., is mlrt% 78 p('r 
cent, , sulphur, 12 jwr cent , chaicoal, 10 iier cent For the npiH'aranco 
of the residual nitre (potassium nitrate) left on evaporating the 
aqueous solution, sec Fig 178 (left), and for tho sulphur resuluc, Fig 
148 


There was one period in the liislorj' of chemist rv when the diseoiery 
or sjiithcsis of new substances was considered to be the main auii of tjfo 
chemist, and tho 6t\le of some old text-books on ehemistiw was not f.ir 


removed from that of cookcij'-rccij 
it has furnished modem cncmisfry 
with raw cmpincal material to he 
workccl up into science Modem 
ohemistiy therefore is not so much 
directed to tho disco\erj' of new 
compounds, ns to a moio careful 
studj’ of tho old. Wo are begin- 
mug to rccogniro tho truth of 
the inspired words of SL W 
Lomonossoff, cited above, though 
Avrittcn in 1751, and the growniig 
use of “squared paper” in 
chemical text-books is “ a sign of 
the times ” 

Synthesis of zinc sulphate — 
Tlio solution which remains when 
thodilute sulphuno acid, indicated 
on p 20, can dissolve no more 


books This work has been useful, for 



Fig 4 — Crjstnls of Zinc Sulplmto (y 60 ) 


sane ma 3 ' be filtered and evaiiomted o%er a hot plate until a drop of the hot 
solution crystallizes when placed on a cold glusg pi^te Crystah of zinc 
sulpliate wi]\ separate as tho solution cools }iy ovaporatiim n Inrjio 
xdume of the solution very slowly, qrystals o^er a foot long lm^c been 
oUamed The appearanw of tho crystals which separate horn a drop of 
solution slowly evaporated is indicated m Fig 4, and an outline draw me of 
aporfcct crystal 18 shown on tho same diagram Tins experiment ilTustrSca 
the synthesis of zinc sulphate from metallic zino and dilute ^Ij^fnirm 


The andysis of aqueous solutions of zme sulphate by the electric 
current —In tho oxpenment illustrntetl by Fie 3 an electnn 
developed dunng the reaction between diluto^sulphimc acid and nirlnllm 
ano winch rasulted in the formation of zme buiE S? « „ ? ? 
arrangement as before, but place two platinum platcS^ and niL 
water m the clean glass jar, wluoh <vi\l nZ 

cell ” CJonnect the two platinum plZs wrth an eloctrob^io 

daiy battery, and a voltmeter os indicated in Ihg 5 Tli^lbjcS S The* 
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accumulator is to generate an eleotnc current.^ If the ivater is pure^ 
the needle of the voltmeter moves very httle, if at alL Add a concen- 
trated solution of zme sulphate to the water m the glass ]ar The 3ump 
of the needle of the voltmeter shows that a current of electncily is flowing 
tlirough the circuity and hence also through the solution of zmo sulphate 
v'lf chloroform, benzene, or an aqueous solution of oane sugar had been used 
m place of the solution of zme sulphate m the electrolytic cell, no ouirent 
would pass through the oircmt. Hence hqmds may he either conductors 
or non conductors of electricity The current which passes through the 
solution of zinc sulphate produces some remarkable changes (1) a spongy 
moss of metalho zme aLcumulates about one of the platmum plates, 
(2) if the solution be tested, particularly m the neighbourhood of the other 
platmum plate, sulphuno acid will be found to be accumulatmg m the solu- 
tion durmg the process of electrolysis and (3) bubbles of oxygen gas, easily 
tested by collecting some m a test-tube^ use from the same platinum plate 



Fia 0 — Chemical Action induced by Eleotnc Oarrent — Electrolysis 

about which the acid accumulates H the experiment be contmued long 
enough, and the products of the action be examined, wo shall find that 
motaUio zinc and sulphunc acid have been produced H the accumulator 
bo disconnected, and the connections be made as mdicated m Fig 3, the 
zme wall redissolve in the acid, re producing zme sulphate , and an electnc 
current will be generated durmg toe dissolution of toe zmo 

^ Nomenclature — ^The process of decomposition or analysis by the aid of the 
olectno emrent is wiled electrolysis Tlio hquid which is decomposed is colled 
the ^ electrolyte Tho passmg of the electric current through the oonductinn 
copper nins, and through tho conduotmg platmum plates, produces no chance m 
these metals Hence, ive recognise two kinds of conductivity— m one the con 
ducting medium is decomposed bj the current— electroh'te , and m Uie other 
the conductmg medium is not decomposed bj the current— non eloctroh te Tho 
pinto nt which the rinc collects is called tho cathode— from tho Greek kotu (kata) 

rnlW P’“*® '^hich the acid collects, is 

colled the anode— from the Greek <,va (ana) up , (odos), a path The anode 

on''n'“*o the electrodes ith tho conwntiona indiont^ 

the tho clootno current, the current is said to enter 

tho electrolytic cell vi a tho anodo, and to loni o tho coll via the cathode The two 

batlon“ne 3 '‘ "-“y ««nE doctnwty than workmg into a primary 
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olcclrodOT ftro Uuw “ tho doora or waja bv which the current into or out 

of tho decompoainR bod> ” It acorns iw if tho electric current lint aphta tho do 
composing liquid into two porta winch pms to the clcclrotlcs Tho tenn nnlons 
— from the Greek iwi (ion), tmi oiler— ib applied to thoBO parla of the decoinpoiuig 
fluid which go to the nnode i nnd those passing to the enthode ore cnllnt cations, 
find when reference is miido to both tho unions nnd cntions the term Ions is 
omplo\ cd “ Ions ’* is thas n gcnornl term for those bodies w Inch piiss to the 
electrodes during cIcctrol>sis This notiition was proposed bj M rnrndoy m 
1834 Tho subject will be further developed in Inter clmptcra. 

The pnndiple of reversibility — ^Tiic evpenmonts nidjcatod abtne 
illuslralo an important, prmciplo — the principle of rcvfrsibihlj If an 
antecedent event A produces an effect B, then an antecedent event B 
will reduce the effect A Thus, chcimcnl action can ^irotlucc an r feet no 
current, Eig 3, and converecU an elect no current ri'snUs in a loss of 
chomicnl activity (m tho hnttci^’l. Fig S The one can undo the work of 
the other Other evamplos of the pnnciple will he found ns wo jirogress 
in our studies >''Hcat causes gases to cvpand , coiuersolj . if a gas expands 
bj its own clastic force, heat inll be lost and tho gas cooled, etc 


§ 6 Pure Substances 

Pure water 13 never found in nature Ono innv even Bav llmt no man hau 
overseen or handled absolutely pure water H ts an ideal Bubsuince, to 

wluch some sponmens of highly purified water lm\o nonrU approached 

M M P Mum 


Tho substance we call water has its own spccitic properties, hut "en 
water, spring-water, rain-water, and distilled wntci show ccitain differences 
m their properties The differences, however, arc not due lo the viator, 
but to tho substances— impunlies—w Inch the water 1ms di«><?oIvcd from 
Its surroundings. If seawater be distilled, the “ impuritits "—sodium 
chlondc, magnesium chloride, etc —remain behind. Jvea water m therefore 
a liomogeneous substance, but, rightly or wrongly, it m often stated lo 
bo a imxtuie, becauso water can be sepamttd by snnplo oniporation or by, 
freezing Table salt is more or Jess impure sodium chloride '^i’he presentol 
of a jitllc magnesium chloride in table salt makes the salt more Jivgroscoiuc I 
60 that the conlanunaled table salt deliquesces ‘ more ruadiJv than 
magnesium cliJondo were absent ^ 

Uvoisier's experiments on the transformation of water into earth 
—A compound may be contaminated vnth imjiurilies m many wavs— 
from the raw matenals used m prepanng the compound ; fiom the vessels 
m which It was prepared or stored , by exposure to the atmosphere by 
the partial decomposition of the substance when exposed to light etc It 
was once believed tliat an can be condensed to water, as was tbnufrht L 
be proved b, "falling dew.” and that water can ho ohrg«l ^ 
^rth, as IS evidenc^ bj the residue obtiined when ram watef or distlS 
water is evaporated to drynevs, m class vtssoIs ...o i ^ 

<an “settling by decisive exponmenta whethta w itci 

can be changed into earth as was thought by the old pliilosopheis, rnul 

.no.stnro from the 

from tho n,r £ g oxposo potassium wfrijSlo mtl" al« 

crystals m a small dish ond note tlio result Tlio term pl«cing sonio 

formation of a crust-gonoratly wh,te-_on tho surS to tho 

monon is— very often— duo to tho loss of water ^ ■‘*’0 Pbeno 

Bg oxposo orj-stals of w ashing oodat^d^ atmospS ^'^^'”” ««hs 
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shll IS thought by some chemists of the day ” By distilhng water m 
heimetioally sealed glass vessels, weighed, before and after the evpenmcnt, 
it can be proved (1) The earth does not come from outside the vessel, 
because the weight of the vessel and its contents does not alter , (2) The 
earth does not come from the water, because the eight of the water 
remains the same before and after the experiment , (3) The earth comes 
from the vessel, because the vessel loses in weight , and (4) The earth 
comes wholly from the vessel, because the loss m weight of the vessel is 
virtually equal to the weight of the earth formed Hence, adds Lavoisier, 
“it follows from these expenments that the greater part, possibly the 
whole of the earth separated from rain-water by evaporation, is due to the 
solution of the vessels in which the water has been collected and evaporated ” 
The punty of commeraal compounds — The term “ pure” or 
“ chemically pure” is unfortunately used when it is desired to emphasize 
the fact that a substance is not contaminated with sufficient impuntj to 
appreciably influence the most exact work for which the substance is to 
be employ^ There cannot be degrees of “ puntj ” A thing is either 
“ pure ” or “ impure ” It may be convement to use terms like “ highly 
pure,” “ all but pure,” “ veij' impure,” etc , but the term “ chemically 
pure ” m the sense of “ nearly pure ” is objectionable “ Chemically 
pure ” substances, paradoxical as it may seem, are sold inth a statement 
on the labels mdicatmg what impunties are present as well as how much 
of each A commercial reagent, on the other hand, has not been speciallv 
purified and hence is sold at a cheaper rate than the “ chemically pure ” 
chemicals Purification is an expensive operation, and the cheaper com- 
mercial reagents ^ are used whenever specially purified matenals are not 
required Some hold that “ perfectly pure substances are unknown ” 
This 18 probable, but to estabhsh the proposition, we should bo mvolved 
in a metaphysical discussion, and we might be led to say with A. Laurent 
1“ Chemistry is the saence of substances which do not exist ” 

The effect.of traces of impun^ on the propertiesjcf, a compound. 
— It may be well to emphasize, just here, that sometimes a mmute trace 
of impurity is of vital importance Some reactions proceed quite differently 
in the presence, and m the absence of traces of impurity The properties 
of many substances, too, are modified in a remarkable manner by small 
traces of impurity H I^vian says that part of antimony will 
convert the best selected copper into “the worst conceivable”. Lord 
£[elvm sajrs that the presence of part of bismuth in copper would 
reduce its electrical conductivity so as to be fatal to the success of the 
submanne cable , and W R Roberts Austm says that -g^ part of 
bismuth in gold would render gold useless, from the point of view of 
comage, because the metal would crumble under pressure in the die 

§ 7 Dalton’s Law of Multiple Proportions 

If Dalton’s hypothesis of multiple proportions be found correct, we sliall have 
to regard it os the greatest advance chemistry has yet made towards its 
development mto a science — J J Bebzeuus, 1811 

The formation of chermoal compounds is not a capricious and fortmtous 
process, but it proceeds m on orderly fasluon Chemical combination is 

* The terms reagents and chemteala are apphed to the substances used m 
obomi^ry for producing special reactions with other substances The term “ re 
agent ’ is more partioularfy used in analytical work. 
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K"r;„zTat .1. »>t;:r“TJ;"ri.rj: 

Te^l— . % ™r;r!:;. of."" .^3 r» .onf r, 

500* never more tint) 1 103 gram of a. red inwdrr— resl Ipd—)'! 

S?r; S iSrof correspond nith G2l gmm«» <d Kad H the Uad 

be calonS at about 750*, one gram of lead niH *^51!.^^ 

OtlTS cram of oxvgcn to form a jcllon potvdtr htharg , • ' 

expTcs.S 04 grams of owgcn corresitond mlh S-S grmn o^T lend Bert* 
then nature has set Uco limits , lead fonns at least t%vo definito ovidi't- 
a red oxide stable at a duh icd heat. ,nnd .n tcllon oxide htablc 
red hciiL Tlie rchtne proportions of lend and oxtgen in the ttvo oxidci 

arc as foUotvs 


Ox\ pen 
«i 
01 


G2t = 207 V R 
SSS = 207 'V 4 


Rod oside (rod lend) 

Yellow oxide (lithnrge) 

Tins means that for a gi\cn neight of ox>gen, the ytllov) oxide has four* 
thirds as much lead as the red oxide finuhrlv, carbon fonius two avell 
defined oxides, called respectively carbon monoMde, and aarbon dioxide 
In these we have 


Cftrbon dioxide 
Carbon nionoxido 


Oxacen 

« 

8 


Carbon. 
Ss J X3 
0 =s 2 X ** 


At least Sis oxides of nitrogen are knov n Tn these, the rihtivc pro- 
portions of nitrogen and oxjgen arc as follow - . 


XitTogen monoxide 
Nitrogen dioxidn 
Nitrogen tnosidc 
Nitrogen tetrosnde 
Nitrogen pentoxide 
Nitrogen lioxoxide 


Nitrogen Oxygen 

U 8=r I > 8 

11 10 = 2 > 8 

14 24 = .♦ ys *t 

14 32 = 4 8 

J4 40= n > 8 

14 4S = (J y 8 


Tlieso SIX comi>ounds of the same elements united m different proportions 
form a scries of substances so well marked and contra-distmtiuiFhed that 
it 15 questionable if the most acute human intellect would c\ cr hat c guessed 
that they contained the same constituents htarling from the compound 
with the least oxjgcn, we sec that for cverj 14 grams of nitrogen, the 
amount of oxygen increases hj steps of 8 grama Accordingly, in all eix 
compounds of nitrogen and oxjgcn,the masses of mttogtn and oxjgen are 
to one another as nt X 14 n y 8, where m and » arc whole mimberg 
Hundreds of cases equally simple might be cited Similar facts led J 
Dalton (1803-4) to the generalization now called the law of multiple 
proportions when one substance unites with another in more than 
one proportion, these different proportions bear a simple ratio to one 
another 

There is no difficulty in tracing the “ simple ratio ” nt n in the cases 
which precede, but it is not always easy to detect tho tnmpUciii/ of tins 
ratio m perhaps the larger number of coses. For instance, the ratio 
m n for compounds of carbon and hjdrogen paosos from 14m 
methane, up to 60 122 in dimynt^l, and still more complex cases ore 
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not unconunon Still, the law is considered to he so wdl founded that/it 
can be apphed to predict the composition of compounds which have ne'fer 
been prepared. Thus, if an oxide of nitrogen containing rather more 
oxygen than mtrogen hexoxide be made, we may predict that it will don- 
tam 7 X 8 = 66 parts of oxygen for every 14 parts of nitrogen by weight. 
Again, if a substance be found to contam o-^gen and nitrogen, not in the 
proportion 14 8 or a multiple of 8, it is m all probabihty a mixture, not 
a true compound. Thus, air contains oxygen and mtrogen, hut the pro 
portions of nitrogen to oxygen is os 14 4 29 This is usually given along 
I with other circumstantial evidence to show the probabihty that air is a 
mixture and not a chemical compound 

We might easily be led to reason m a vicious circle (in circxilo pro- 
bando) by a rigid apphcation of the so called multiple proportion law 
A salt dissolves in water in all proportions up to a certain limiting value. 
The process of solution, in some cases, seems to ho otherwise indistmguish 
able from chemical combination It is sometimes said that the process 
of solution cannot be a cose of chemical combmation because there arc 
no signs of abrupt per saliitm changes characteristic of combination m 
multiple proportions More bluntly expressed a prejudice in favour of 
the generalization m question may warp the judgment to such an extent 
as to lead to a demal of the jxissibilitj' of contradictory phenomena Such 
a perversion of the judgment must be detrimental to the progress of science 
Hence the danger of cherishing a blmd faith in our so called “ laws of 
nature” {Of p 473) 

Q t 

r*' ^ § 8 Richter's Law of Reciprocal Proportions 

Alter long and painfol centnnes of continuous oRort, ohomistrv lin!i 
discovered that the elements combine iritli one another m deflnito ond 
unchanging ratios of quantity, and tliat, when their compounds are 
decomposed, they yield up those identical ratios — S Bnow \ (1843) 

Between 1810 to 1812, J J Berzehus published the results of a careful 
study of the quantitative relations of some of the elements He found that 
100 parts of iron, 230 parts of copper, and 381 parts of lead are eqmvalent, 
for they umte with 29 6 parts of oxygen fomung oxides, and with 68 73 
parts of sulphur, formmg sulphides. Hence, smee 68 73 parts of sulphur 
and 29 G parts of oxygen umte respectively with 381 parts of lead, then, 
if sulphur and oigrgen unite chemically, 68 73 parts of sulphur will unite 
with 29 6 parts of oxygen, or, taking the law of multiple proportions mto 
consideration, with some simple midtiple or snbmultiple of 29 6 parts of 
oxygen In confirmation, Berzehus found that m sulphur dioxide, 68 73 
parts of sulphur are unit^ with 57 45 parts of oxygen The difference 
between 2 X 29 6 = 69 2 and 67 46 is rather great, but some of the methods 
of analysis were crude m the time of Berzehus, and very much closer 
approximations — very nearly 1 m 50,000 — ^have been obtamed m recent 
years 

J B Richter, some twenty years before Berzehus’ work, proved 
that a similar relation held good for the combmation of acids and 
alkalies. Berzehus extended Richter’s law ^ to combinations between the 
elements The above relations are moluded in the generalization sometimes 

1 C P Wonzol 1777, is sometimes said to be the father of this generalization 
Tins, however, appears to be nn historical error 
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called the law of reciprocal proportions, or the law of equivalent 
weights The weights — multiple or submultiplc-~of the various* 
dements which react with a certain fixed weight of some other element, ? 
taken arbitrarily as a standard, also react with one another. K two sul)*! 
stances, A and B, each combmc<i \nth a third ‘nibstance then A and B can 
combine \nth cich other onh m those proportion's in nhich they comhmc 
mth C or in some oimple multiple of Iho'sc proportions The lavs of 
constant, multiple, and reciprocal proportions arc vonderful c\nmph*s of 
the beauty and harmoni, of naturc, and jcl wc have hints that thc-e 
are but sjinbols of a sublimrr gcncralimlion which, when discoNcml, 

jH niftlfp one inu'sie ns before 
But vaster 

If a compound bo formed b\ the union of two elements A and B, it is 
only neccjsarA* to find the proportion in which a tlurd tlomenl (* flint ts 
with one of the two elements ‘«i\ A, to detormino the proportions in which 
C unites with B These nuinencal relations come out ver\ eltnriv In 
comparing the proportions in which the dillon'nt member, of a seriVs pf 
elements, selected at random combine with a constant weight of s«\cral 
other elements Suppose the anttlj*.is of a substance shows tlmt its 
ingredients are not in those proportions which we should expect from 
the hnowTi combinations of each of its comiionents with nnolher snhstmec. 
we might safely infer that the substince atnhrecl is a mixture, and not a 
smglc compound 


ft 9 Combining, Reacting, or Equivalent Weights, 

setllpd for tis In cit^toiii that of dj/rorent 

^ubatancos arc to bo ailUsI oqual ulion or Iw-mw. tlax nro emmSt 
pmviniotricalh.ao l.avo no olioiw but nbo. from tl.o ch.Mmear wm of 

pie foHow mg numlwrs represent the results obtained bx the cheimcnl 

analjsis of a number of sulistaneos selected at random 

&licon diosuclo Siheon 4C n*J 

Hjdrogon clilondo H>dropcn 2 76 

Mognesmm cWondo Mnpncsmm 2C .S 3 ' 

Silver fluondo Siher to or 

. omcr <006, riuonne 2U SB 

Analyses are generally calculated so that the «nm nf < , 

all together is 100 (per cent ) within the limits of cx-penmcntal cr?or 
This IS simplj a conx'tntion of the analyst, for tlio r<,fii,ifa «« 
intclhgiblv summed to any other number Tafcinp nnx on ^ 

as a standard, let us calcJlate what amount of S of X 011 “* ** 
mil combme with a given quantity of the selected dejent To Iav< 
take oxygen = 8 as the standard Startmg with sihcJn rln" 
oxygon are combined with 4G 93 parte of silmon n 
the proportion ^ Consequently, w c Imx e 

63 07 ‘ 8 = 40 93 a?, or, z = 7 07 

wrhen oxygen hydr^gl^SaSld^^^*^’ {‘ydi'ogcn is 1008 

chWe 4, . „lver cMonde. liver » 10^ 


Brr real 
Oxjpon 61-07 
Clilonne 07 S3 
Chlonno 7-1 47 
Oxvpen tiSRl 
Chlorine 24 7 f 
Fluonne 20 OB 
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when silver is 107 88, fluorine is 19 , and -when chlorine is 36 46, mi^eaium 
IB 12 16 Collecting together the results of these calculations, -we get / 
Oxynen Silicon Hydrogen Clilonno Silver Fluorine Mngneei^ 

8 7 07 1 008 34 46 107 88 19 12 16 

We have previously obtained a number of results for some metals^ for 
the standard 0 = 8 by a different process, and the number for magnesium 
obtained by an indirect process Oxygen hydrogen (water) chlorme 
(hydrogen ohlonde) magnesium (magnesium chloride) gives the same 
re^t withm the hunts of experimental error as was obttimed by a totally 
different process Similar results are obtained m all oases, subject, of 
course, to the greater risk of experimental error when a long chain of com- 
pounds IS involved As a rule, there is no need to follow such an extended 
series as we have done here fer fluorine and magnesium Most of the 
clemohts umte directly with oxygen , and with the other olementa, one 
intermediate step usually suffices. 

We are therefore able to deduce these important generahzations A 
number can be assigned to each element , this number — called the 
combimng, reacting, or equivalent weight — ^represents the number of 
parts by weight of the given element which can enter mto combination 
I with 8 parts by weight of oxygen, or one part by weight of hydrogen. 
All combining weights are relative numbers, and they are conventionally 
referred to oxygen = 8, or hydrogen -= 1 Wien an element unites with 
another element m more than one proportion, the higher proportions will 
always bo simple multiples of the combining weights — one for each element 
‘ Tins IS the so called law of combinmg or reacting weights when 
I substances enter into chemical combination they always do so m 
' quantities proportional to their combimng weights 

If the combinmg weights of the elements are fixed, os they undoubtedly 
are, and since the elements can combine to form compounds which, m turn, 
can form compounds with other elements and with one another, it follows 
that the compounds themselves also have combinmg weights if they also 
^can enter into chemical combination. Hence the so called law of com- 
Impound proportion — ^the combinmg weight of a compound body is the 
^sum of the combining weights of its components This deduction from 
1 the law of combining weights is as firmly estabhshed experimentally as 
the law of combmmg weights itself The neutrahzation of acids by bases, 
and numerous chemical reactions, can be cited m illustration 

The expenmental results stated on p 8, Table L, raise the suspicion 
that (here w a difference hettocen ehemteal and grammetne equality In the 
latter, equal quantities of the different forms of matter are represented 
by equal weights , whereas, m a chemical sense, equal quantities of matter 
are the weights or masses of different forms of matter which umte with one 
another chemically Consequently, chemical umon may be regarded as 
a measure of the amounts of the different forms of matter uhich are chenu- 
cally eqmvnlent Chemical equahty is thus as clearly defined as gravi- 
metno equality The former is a measure of chemical and the latjer a 
measure of physical phenomena, the latter is wholly mdependent of, 
and the former mamly dependent upon the nature of the substances com- 
pared 
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§ 10 The Law of the Conservahon or Persistence of Weight. 


Tho anntbilalioa of inottcr is uotlunlcnblo for llio •mint) roftson that tlj(« 
creation of matter is uiitiunkabic, tho reason niineh fhai nothing ennuol 
be nn object of thought — H Spesci lu 


Itvnll be remembered that La\oi&icr {I’i’ii) hcakd tin uith nir m a 
closed vessel and found that the a eight of the nbok* ststem, before and 
after the calcmation of tho tin, was the same, thus shotnng that the nholo 
system had neither gamed nor lost m trc'ght This eypcnmenf is men* 
tioncd because it emphasizes, very well, the fact that in sjjito of tho nicut 
painstalong care, every time all the substances taking part in a chcniicn! 
reaction ate vcighcd before and after the change, there is no agn of any 
alteration m the quantity of matter This fact is fcomctiincs caviled the Jaw 
of the indestructibility of matter As Pemoentus has said nothing ran 
never become something, nor can something become notlimg — ex mf'tln 
inhUJit, cl in nthtlum vthil potest rcvertt Hit jinncipleof tho mdestnicti 
bihty of matter was lacitlj» assumed In many old m\ tstipntorb A L. 
Lavoiacr is generally supposed to have hmt demoustmted the Jaw ui 1774 
by expenmentfa like that cited above, but the law was dcfinittly rnuiiciatc<l 
in 1/50 bj’ M W Lomonossoff, and Uie law mu*t ha\u been at tin. buck 
of J Black's nund when he worked on the allmhne ruiths {q i ) m ITflo 
The chcmi«!l’s law of “ the indt<=tnictihili(y of matter *’ n'ally mi in', 
that the total tcoghl of the elements in any mttmg m remains con* 
^pt through all the physical and chemicil changes it is made to undf rco 
Tlio obsenctl facts am better gentmhzed its the Jaw of persistence of 
weight . no change m the total weight of aJJ Uie substances taJcinn 
part m any chemical process has ever been observed If A .ind B 
represent respectively tlie w Lights of two tlominth which tnkf inrt in a 
chemical reacUon producing tlic wtigJilsM and N of two otJier vuUiunci^ 
tho Jaw of persistence of wvights >4ai^ that ’ 

A -{* B = 31 4- X 

H the weight of one of these four subsUancos be unknown, it can bo 
romputed by tola mg the equation Chemists constantly um» tins pnnciplo 


men faith in magic w as more prea alcnt than it is to da\ . inana bihi v 
that by somefpotent mcnn1ation)or cliarm, matter could V culled out of 
nothin^c^, or could bo made noncxisUnt* .Suwrficial ob<tr\.ition 
^ * erotting tree, the cvajioralior, of wakr 

and the burning of a candle proto the creation and the di^stniclion of 
matter, but a careful study of llieso and innumerable other iiliLnoinL'iia 
has show-n that the apparent destruction of matter is an illusion Matter 
may change its state as when liquid water is vaiKinzed anil « 

from tho sod and from the aic {carbon diovido) is OLcrlfMAivl r 

ihustrates an instructive experiment which is cominonlv used lii ^ I' 
apparent deletion of matter m the burning of a cJndlo s ilhiCi "‘v 
candle. A, is fixed on one pan of a balance below a cvhndrr n A ‘ 'i 
coa* g.™, c. . flxcd lh„ Wer of 

Uoitly imsam^tho^objo^ ^R*prov«r*^cAtichi"*"^*”i wtiUiiny 

formiDg tho weights rcmoins rolatwolj uncha^ed m q«^t jly 1*^ 
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wire gauze supports a few lumps of qmoklime ^ on which rests a mixture 
of granulated soda lime and glass wool — ^the latter to prevent the soda 
lime clogging the tube Weights are added to the nght scale pan until 
the beam of the balance is horizontal Tlie candle is lighted The gases 
nsmg from the flame pass through the ovlmder B — and the products 
of combustion are absorbed by the soda hme In 3 or 4, minutes the 
pan cariymg the candle is depressed as illustrated m the diagram The 
morease m weight is due to the flxation of the prodnots of combustion by 
the soda lime. The products of combustion are formed by the com- 



Fio 6 — Apparent Increase m Weight dnnng Combustion 
(after H. Si Hoscoe and C Sohorlemmer) 


bmation of the carbon and hydrogen of the candle with the oxygen of tho 
air Tho oxygen of the air uos not weighed m the first weighmg 

Evety time a chemical reaction takes plaoe in a closed vessel, which 
permits neither tho egress nor the ingress of matter, the total weight 
remains unchanged within the hmits of expenmontal error The more 
carefully tho ei^rimonts are mode, the more nearly do the values 
approach identity Both A. Hoydweiller (1901) 
and H, Landolt (1893) have tned to find if a loss 
m weight ooours dunng chemical action Their 
expenments may be illustrated by mtroducmg a 
solution of silver nitrate uito one limb of the 
A shaped tube B, Fig 7, by means of the funnel A, 
and a solution of potassium chromate in the other 



Fia 7 — ^Lnndolt’s Tube 


limb The tube is then weighed and tilted so os to 
mix. the solutions and start the reaction There 


IS no difiercnce m the weight of the tube, before and after the reaction, 
■within the limits of the experimental error ±0 000030 grm InLandolt’s 
expenments the opomng of tho tube B was sealed up before tho solutions 
■were mixed Other pairs of solutions arc a solution of potassium lodato 
slightly acidulated with hydrochloric aoid and potassium iodide , lead 
acetate and sodium sulphide , acidulated potassium chromate and sodium 
sulphite, etc. After an exammation of fifteen different reactions, Landolt 
(1909) foiled to detect a vanation in weight, and “ smoe there seems no 


1 To provont ■water dnppmg on to tho Homo 
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prosiwcfcof puslung t!io precision of the e\ponnicnifl further thiin the degree 
of exactness oUaincd, the cxpcnmeutAl proof of the law may he regarded 
ns established ” Tho 1 xw of the persistence of weight enn tlviih be stated * 
A variation m the total weight of the substances taking part m 
chemical reactions, greater than the limits of experimental error, 
has never been detected. 

It IS quite conccnnblo that tho weight of the iron in, i?tij, ningnetio 
oxido of iron might ajipcar to weigh more than tho 'same amount of iron 
in say, potassium forroovanido because of tho effect of tho earth’s magnetic 
field upon the former But if such an ofTecl wore ob'vncd, it would not 
interfere with our faith m tlic law as soon as the disturbing effect was 
rccogmzcd. 

§ II The Atomic Theory. 


It eeems probable to me, that Ood in ttio beamninp formed matter m eahd, 
mns.•,^. hard, iinpcnotrnble, mo\nblo pnrticlei, of ancli sirM and fijnirc!, 
nnd mth auoli oltjer proportiei, and in Bucb proportion to spare, ns ma‘<t 
conduced to the end tor which Ho fomind tlioni . und timt these pnmitivo 
particles, hemp solids, nro uiconipnnitily Imrder than nnj porous liody 
compounded of them, oien so \tr\ hard as ncicr to wear or break jii 
pieces , no orttiimry |Kmer bpinp iiblo to d»\)do wlmt God Himself iniido 
one in the first creation ibo cbnnpps of corporeal tliinim nro to bo 
placetl onh in tbo \anous scpurntiomi nnd new nKsociiitiona nml motions 
of theso }v'rinunont particles Ihcsf principles 1 consider not ns 
occult qualifies, but iw f,oncml lima of nnltiro bi wlileli tho lliinps them* 
«eho3 nro formed, their Initli npiienring to us by phenomenn, tbounli 
tbcir causes bo not jet dtscoicrcd — Isaac NrwTON 

The four laws of chemical combination (1) the pcreislencc of weight 
(2) the law* of constant composition , (3) the law of multiple proportions j 
and (4) the law of reciprocal proportioub, summarize o!>ser\ cd fnct« They 
exist quite mdependcntly of any hjTiothcsis wo might tlcMse abmit llic 
inner meaning of the facts, but wo ha\e an mtuitnc feeling that there 
must be home pcciilinntj ui the constitution of matter which will account 
for tlio facts 

An atom, K the unit of chemical exchangc.—Chcnuslb m imagination 
ha\o mvested matter with a granular htruclurc MnlUr is sunwvcti t« 
be discrete, and built up of corjioreal atoms. The imagination cm sub- 
dnndc mattei mdcfimtclj , tho chemist saj* that howtxor tnie this may 
be, nothing less than an atom ex or takes part in a chemical react ion Tim 
atom IS tho limiting sire so far as chemical combination w concerned. An 
^om cannot be mibdiMdcd by any knowTx chcmic.al process \V?mt \ 

though aborts 0 attempts to eliminate atoms from chcmistrj. sUuld 
the progress of chemisUy lead to a differont mow* of iho constitution nf 
matter, it will make little alteiahon to tho chenust’s atom Th c onLiI 
atom will always remain the cliomist’s nml “Ac « 

Kckult. “ IJiehcvo^that the -viunSn of atoms is TJ 
but ab3ohitely_neccssaryjin,vKlc(Uhat the term he Tindiu stood m 
those particles of matter wliich 'undergo no fnrtlior dmole 

transformations “ ® division m chemical 

Compare this hypothesis xvith observation 1?.^ n,., * 

facts Elements combine with one anoilmr /.rii « ^ attention on the 
ond with their combiniiuT yi amounts which 


correspond ^vlth then combining weight 

V-A mutopte „£ ta. comb^^g " 


or 
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Otherwise expressed, definite amounts of matter — ^the atoms — oorre- 
sponding with, the oombimng weights act as chemical umts Reactions 
between different elements are reactions between these umts. Atoms 
I of the same element all have the same constant weight,^ and atoms 
of different elements have different oombimng weights All this is m 
[agreement with the law of constant combimng weights 

Fractions of jin atom dp_not take part m (£enucal changes — ^The 
proportions m which one element combines with another can alter only by 
steps one atom at a time 1, 2, 3, atoms of one element can combine 
with 1,2, 3, atoms of another element Thisis butonewayof statmg 

the laws of multiple and reciprocal proportions. The weight of an atom 
of each element is a constant quantity, and therefore elements can only 
oombmo ivith each other m certam constant proportions or m multiples 
thereof The atoms of the elements are the units from whicli nature has 
fa^oned all the different varieties of matter m the umverse One atom 


of mercury umtes ivith one atom of oxygen to form merounc oxide. If 
two atoms of mercury united with one atom of oxygen, the result would 
not be mercuric oxide, but some other oxide of mercury — ^if otherwise, 
-''J-’Vr constant comi»osition 

would befalse As a matter of fact, 
such a compound is known, but it is 
mercurous oxide. Mercurous oxide 






oi 

Psrfsiffnii/f/ifh 



has its own specific properties which 
^ are different from those of merounc 


■■■■■■■■■■■■■■■■■■■■■■■■I 




oxide We thus adopt the view of 

J B Dumas and of M Faraday that 

! “ whether matter be atomic or not, 

this much IS certam, granting it bo 

T. o T r-ir t Ti ^ 1 atomic, it would behave m chemical 

Fig 8 —Law of Multiple Proportions i , . . » 

I transformations as it does now 

The law of multiple proportions — ^The idea embodied m this law 


can be neatly illustrated by means of squared paper Let the absoissic. 
Fig 8, represent weights of oxygen, and the ordmates weights of nitrogen 
which enter mto combmation witl^ the oxygen If, for convenience, we 
take oxygen = 16, and mtrogen = 14 as standard weights for the respective 


atoms, the known unary and binary compounds of these elements appear 
at the points of mterseotion of hues representmg 14, 28, 42 parts 
by weight of mtrogen, and 16, 32, 48 parts by weight of oxygen 
Let the symbol N represent one atom of mtrogen , Nj, two atoms of 
nitrogen, etc , and let 0 represent one atom of oxygen, O^, two atoms 
of oxygon, etc Then the symbol NjO, NO, etc , may be used to represent 
compounds oontaimng the mdicated number of atoms of each element 


The known compounds of these two elements are represented by symbols 
“ o ” m the diagram If the law of multiple proportions perfectly describes 
nature’s modus operandt, and no other distarbing infiuence be at work, 
we can represent possible,® but yet undiscovered, compounds of mtrogen 


1 It might hose be added that W Crookes (1887) found it expedient to assume 
OS a workmg speculation that the atoms of the element yttnum “ differ probably 
in weight, and cortemly m the internal motions they undergo ” There is, however, 
no direct proof of this because the law of constant proportions has always bwn 
found to hold rigorously within the himts of experhnontal error 

* The symbols in brackets in the diagram represent compounds which wo are 
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and oTvgcn by poinlv'^ , and com]M)unds rcprc^ontablr b\ tbt' inicr* 
mediate \K)'i\tion‘» m tlio diagram are im^H»'»«;ib1e lienee air, iiho^e cam* 
position IS represented by the cro'^s “ x ’ in llie diagram, is not a ebenneal 
compound 

Atomic weights are relaU\c — ^We can express (he combminp m eights 
of the atoms in terms of any unit nc please, il ih quite immaterial 
whether a gram or a ton be imagined In dealing with combining or 
atomic weights, the conception ol absolute quantity is quite irrelevant 
Gt\cn siifiicicnt oxsgcn, 100 Ions Kilogmms, pound-, giains, or grams of 
mercury will giic lOS tons, Kilograms ])ound«, gr\ni«, or gram*-, rospec 
tnch of mcrcunc o\ido — no more, no Kss If t!« a(om of mercuty be 
luTiuwSuTSTO milligram m weight, an atom of ox\g.n will wtigli iT 7 t!rir,irr..,o 
nnllignni We do not Know (he actual weights but we do Know tlio 
relalue weights If out nlnm could be aelualK wtigbrd, the Table-, of 
Atonuo Weights would cnahfe the weight of an atom of nn> olhci element 
to be calciilnletl 

The history of , th e atomic hypqUicsis — Tlie ancient ))l)ilosophi rs of 
the IKast — Ind'n, (tr<s.co, Itah, etc. — made nian^ quaint guesses at (he 
constitution of matter Among these giie—es wo find one taught hi 
Kanada (the founder of a Kistem of Hindu pbilo'-oplu) long prior l(i the 
nsc of Groenn philosoplij 'Hie aame guess was matle |>v Deniocntus, 
Lciteippus, and Luerttius, and tluir gmss livrc^ more or less modifitd, m 
niodom chemistry Thc-e philosophers seem to ba\e taught (1) malVr 
is diHortte (2) all substances arc fomiexl of atoms whieh niv wpamtofl^ 
from one another In \oid space, (3) Hit atoms are m constant motion, 
and (4) motion is an inherent properii of the atoms Ihe atoms wiro 
supposed to 1)0 too small to he pcrccivcxl bj the senses, and lhe\ wrro' 
further supposed to ho eternal, mdestructiblf , and nnehangt able Atoms 
dmtrcd from c ich other in Fliupc, si/e and mode of arrange rnent, and tlid 
properties of all sulislances were Kupposed to depend upon the imtuni 
of the constituent nloniP and tlio wnj the atoms vere arranged 8o fai< 
as tho experimental oMdonco available to tbo Grecian pliilosophtrs in^ 
mipport of this particular guess is concerned, its long life- m (he form of 
the chemist H atomic theory— can only be attributed to chance 'Jhii 
modern theoiy , unliKc the old speculation, is basctl upon the ohsen ed 
laws of chemical change, and il cannot stand ajinrt from them ‘ 

Many lliinkcrs— Francis Bacon, R^n4 Descartes, Pierro Ca^<>inch 
Robert Boyle Robert Hooke, John Mavow. etc -w-eie more or let pa, hi’ 
to a theory of aW Isaac Ismvton (1075) tried to explain Boiles Jaw 
on the assumption that gases wore made up of mutualh mpiiKne psr- 
teles, and the ahovo quotation shows that ho also rofomsl chmiJieal 
changes to different associations of tho atoms M W re 

also, had a fairly clear concept of tho atomic Blruotiire of'malteMi, 
while Bryan Higgms (1770) and William Higgms (1789) ox thn 

constant composition of salts, mth more or Jess eoiirlon^A . ^ 
o the atoms Brjmn Higgms’ appearto hie idHlte ZiTo 
different atoms combine in tbo proportions of ] 1 mir) #i v 

port.on orty , W.Ita U,^r,n.a^J a 

tor «» oor„po.,a.ot «,rbo„ „„d l.yd^,,™ .ml.r'J.S IcTiS „t 



30 MODERN INORGANIC CHEMISTRY 

proportions, but believed that the combination 1 1 was tlie most 

stable 

Dalton’s atomic hypothesis — It is thus impossible to say who invented 
the atomic theory, because it has grown up with chemistry itself In the 
work of Wilham !&ggins the hypothesis was httle more than an inanimato 
doctrmc It remained for Dalton to qmcken the dead dogma mto a 
hving hypothesis John Dalton (1801) employed the atomic hypothesis 
to cvplain the diffusion of gases, and later (1803) based an hypothesis of 
the structure of matter and of chemical combmation upon the following 
postulates, which may be regarded as a very brief statement of the so 
called Dalton’s atomic theory 

1 Atoms arc real discrete particles of matter vliich cannot bo subdivided 
by any known chemical process 

2 Atoms of the same clement are similar to one another, end equal m weight 

3 Atoms of different elements ha\e different properties — weicht, afflmty, etc 

4 Compounds are formed bv the imion of atoms of different elements m simple 
numoncal proportions — 1 1,1 2,2 1,2 3, etc 

5 The combining weights of the elements represent the combimng weights of 
the atoms 

The hypothesis of Dalton respecting atoms, and more particularly 
atomic weights, is not quite that which prevails m modern chemistry 

The defect in Dalton’s atomic theory — According to the atomic 
thcort' an atom is the smallest particle of an eluent which can enter 
into or be expelled from chemical combmation ^ CHow is the “ smallest 
combimng weight” of an atom to be lived ?J In'"carbon monoxide, for 
example, wo have oxygen and caibon m the following propoitions by 
weight 

Oxygon Carbon = 8 6 

and in carbon dioxide 

Oxygen Carbon = 8 3 

What IS the atomic weight of carbon if the atomic w'cight of oxygen is 8 ? 
Obviously, the evidence now before us would be consistent with many 
different views Carlmn monoxide may bo a compound of one oxygen atom 
with two carbon atoms each with a combimng weight of 3 , or a compound 
of one oxygen atom with one carbon atom with a combimng weight of 6 
In tiio latter cose, carbon dioxide is a compound of one carbon atom com- 
bining weight 6 with two oxygen atoms, and the same combmmg weights 
would have been obtained if any number n of carbon atoms were combmed 
with 2n oxjgen atoms. Similar diflioultics arise when we apply the idea 
of atoms so far developed to other combmations of the elements. There 
18 , therefore, some confusion Tlio concept of the atom becomes more or 
leas mdistinot and vague when the attempt is mode to develop a con- 
sistent system on the basis of the atomic hypothesis as propounded by 
Dalton Dalton’s theory is defective because it lacks a standard for 
nxing the atomic weights of the different elements 

It may be perfectly true, ns Lord Kelvin has pointed out, that “ the 
assumption of atoms can explain no property of a body which has not 
previously been attributed to the atoms,” but the assumption has none 

1 1( wo flunk of tlio dcn\ation of tho word atom — from fho Greek u, not 
Tf/irw (tomnol I cut — “ that which cannot lx> subdiMdcd ” wo must odd 
“ ohomicalK ” But our definition of tho atom soj-a nothing about snbdivisiion 
nor nliout the uUimnto nature of the atom Tho term “ atom ” was once used 
to represent tho “ smallest internal of tiino ” a “ moment ” 
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the less proN cd an in\ .vlunblc aul in forming mental concepts of the different 
phases of 1 chemical reaction , and it has enabled chemists to sxiccessfully 
anticipate the re-ndts of experimental rcj-onrch A B A. Smith said m 
IS84 “We behcac in atoms because so far as we can fee, nature uses 
them "^Thc greater the number of facts consistently tncplaincd by one 
and the same theory, the greater the probability of its being true. 
Tlie 01 erw helming miss of circum^fantinl CMdencc, direct and indirect, 
\ilnch modem chennstrj and phjsics olTerp, has justified the faith of 
Dalton , and almost, but nbt quite, demonstrated tlic real existence of 
tangible atoms 


§ 12 The Language of Chemistry. 

However certiun l!ie fnc‘s of nnv science however the ideav derived from 
tht«u fart)-, we ran onU eommuniente ffi!>)e or iniprhct impression’? to 
othc'«, if we want words bv which these nii\v lie propcrlv expressed — 
A L Lvvoroiut * ^ ^ ^ 

’Die nomcnchtiirc of a science, tint is the group of (^*01101001 terms 
peculiar to that science is of t ilal im|iortancc. II is miuallv inqiosjiblc 
to separate the nomonclntnrc from the fcic nee it>.t If Ija\ oilier emphasized 
the imjiortancc of thn m lus cla’-Mcal Traite A7c«irnfoirc tie Chmxc (1780) 
Evert science con«i=ts of three Unngo (I) the facts tvhtcli form tho 
Eubj?3cl-niatt< r , (2) the ideas npre^enlcd h} those fact'’, and (3) tho 
tvords in which thove ideas are cxjircsswl “ lake thm* impression'; of 
the same seal, the word ought to produce the idea; and the idea ought 
to bo a picture of the fact ' 

Special technical words arc employed to fix and dciscnbo (he ideas and 
pnntiples of chennstrj — as of all other sciences Technical terms should 
be precise and clear, and not tainted with ambiguity and \ agueiicss tSucli 
technical terms form part of the current language of chemistiy. However 
strange the tenna maj appear at first thej soon grow familiar to tho car, 
and thej can then lie used vnlhout effort * W'. Whew ell has pointed out,' 
aerj aptlj,that “ technical terms carrj the results of de*cpand laborious 
research Tlicy convev the mentil Inasurcs of one jicnod to the genera- 
tions that follov , and laden with this, their precious freight, they sail 
safeh across the gulfs of time in which empires have suffered shipwreck, 
and the language of common hie has sunk into obhv ion” — ^watness inana of 
the terms used in the chcmistiy of to daj were coined bv the carh Arabian 
chciiuats 

Nammg the elements —A great number of the elements have been 
christened with names derived from Greek root*: Eg, todiiic— from its 
violet vapour, c/ifomir— from its gre*cn colour, c7<ro»n«m— from the 
colour of Its compounds, rhodium— from the rose colour of its salts 
osmium— from its smell , /icfnmi— from its occurrence m tho sun , arqoii 
—from Its indifference to chemical reagents, etc Other elements have 
bw.n named more or less capneiouslj , thus soino elements arc named 
after particular localities— strontium, from Slroutian (m Scotland) 
rtithenium, from Rufhenia (Russia), yttrium, ytlrrhum, erbtvm and 
terbium art aU denved from Ytlcrby (m .Sweden), palladium is a name 
giv cn m honour of the divjov crj of tho planetoid Pallas , uranium m honour 
oft he dii>covcry of the planet, Uranus , beryllium is derived from the name 
ot the mmcral bcrjl , strconium, from the imncral zircon , platinum, from 
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the Spauisli “plala,” sihcr, viaonvm, from Queen Victoria, thorium, 
from “ Thor,” the son of Odin, a god m &candina\nnn mythology , tntia- 
dmm, from a Soandmanan goddess, Vanadis , tantalum, from Tantalus 
in Grecian mythology , and nidbtvm, from Niobc, daughter of Tantalus. 

S 3 rmbols — The old alchemists used to represent dilTcrcnt substances 
by symbols. For example, gold was represented by the symbol © or -Jjlf , for 
the sun sdver, by C , the moon , etc Ln\ oisier used the sjTubol V for 
■vrator , ® for os:j gen , etc Dalton made a stop in nd\ anco bj representing 
the atoms of the elements by ^'mbols, and combining tbasc symbols so 
as to show the elements present m a compound Tims, © represented 
hydrogen, Q oxygen, 9 carbon, etc Water was represented by 
©O » caibon monoxide by ©0 , carbon dioxide by ©0© » etc, Tlic^c 
symbols have all been abandoned Tlioy are too cumbrous. To day 
wo follow J J Berzelius’ method, suggested in 1811, and use one or 
tivo letters from the recognized name of the element to represent 
any particular element ^ Tims, O represents oxygen , H, hydrogen , 
C, carbon, N, nitrogen. Cl, chlormo, etc Tlio names of ten elements 
start mth C, and to prevent the possibility of confusion, a second 
loadmg letter is selected either from the name, or from the altcnialiie 
Latin name of the element. Tims, C (carbon), Cb (columbium), Ca (calcium), 
Cd (cadmium), Cc (cenum). Cl (ohlorine) Co (cobalt), Cr (chromium), 
Cs (ca'smln), and Cu (cuprum, copper) Tlic elements u-itli altcmatiic 
Latin names arc symbolized Sb for antimony (Lat stibium), Cu for 
copper (Lat cuprum) , Au for gold (Lat nurum) , Fo for iron (Lat 
ferrum) , Pb for load (Lat plumbum), Hg for mercury (Lat. hydrargy- 
rum) , K for potassium (Lat kahum) , Na for sodium (Lat natnum) , 
and Sn for tm (Lat stannum) 

Naming the compounds — ^Each dement forms uath other elements a 
group of compounds which arc said to contain the rcspcctiic clomcntb, 
because the elements m question can bo obtained unchanged from the com- 
pounds Consequently every compound has an elementary or ultimate 
composition Comiwunds ore ^mbolizcd by yoinmg together the Icttera 
correspondmg intli the different elements m the compound. Tims, HgO 
represents mercury oxide, a compound of mercury and oxygen When 
only two elements are united to form a compound, the name of the second 
element is modified so that it ends m ide. 

The symbol for the element also represents one of its atoms H 
more than one atom is present in a compound, a small figure is appended 
to the bottom ^ nght hand comer of the s}nnbol for an atom of the element, 
to mdicate the number of atoms present Thus “HjO” represents a 
molecule of water, t e a compouna containing two atoms of hydrogen 
and one of oxygon, "CO” represents a molecule of carbon monoxide 
— a compound containing onb atom of carbon and one atom of oxygen , 
“NojCOg” represents a molecule of sodium carbonate — a compound 
contaimng two atoms of sodium, one atom of carbon, and three atoms 
of oxygon A letter affixed in front of a group of symbols represents 

1 Unfortunatoly somo olomonts ha\o not yet been cliristcnod wth o nntno 
recognized by all Niobium — symbol Nb — and columbium — symbol Cb — nro Iwo 
different names for one element, gluomum — symbol G1 — and borylhum — symbol 
Bo — nro two difforont names for anotboc olomont 

" In Franco, gonornlly at llio top 
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tho number of times tint group occurs m the g^^cn compound Tlius 
cijstallircd sodium carbonate n Hjmbolircd , KojCO, lOH^O. This 
means that thn compound contains the equivalent of one NujCOj* and 
ton equivalents of the group HjO 

Compounds of one element mth ovjrgen arc called oxides, and tho 
process of combination is calleil oxidation When an element foiins 
more thin one oxide, o Cireek numencil suflix is often prefixed to the 
vrord “ oxide ” Tliin, SO , is sulphur dioxide , SO,, sulphur tnoxido ■; 
CO, carbon monoxide , C’On, carbon dioxado , PbO, had monoxide ; 
PbO, lead dioxide or lead iioroxidc 

Some of the commoner prefixas are 



1 2 

1 

4 

r. 

G 

Latin 

Uni- Bi- 

Ter- 

Qundn 

Ouinquc 

Foxa- 

GreoU 

Mono Di- 

Tn- 

lotm- 

Pent a. 

Ikxa- 


7 S 

9 

10 

n 

12 

Lntm 

Sopta Octo 

No\ cm 

Dcccin- 

Undi com 

Duodf com 

Grcol, 

Hoptn. Octo 

Enn* ti- 

Dekn 

End( Un- 

Dodoka- 


Half 

ll hole 

Fqiitil 

Xlnn\ 

Latin 

Scmi- 

0 mm 

i'qui- 

Multi- 

Gntk 

Hrmi- 

Holo- 

Honio- 

Polj 



It IS considered bad stjle to mix Latin and Greek root words and pre- 
fixes. Consequcnllj wo iioiiallj tiy to keep Greek with Greek, and Latin 
with Latin Tims, wo sny “ diatomic,’’ not " biatomio ’’ , “ bimolocular,” 
not “ dimolcciilar ” , “bixalont,” not “dnalcnt"; and “ bi variant,” not 
“divanant”, liecausc “atomic” is denied from a Grw'k word, while 
“molecular,” “variant,” and “xnlcnt,” arc derived from Latin wonls 
Tlicrc arc, however, many hjbnds umvcrsalli^ rccogmrctl Bq, milli- 
metre, centimetre, etc Monovalent, dnalent, etc , arc also used at times 
in spite of their hybrid character We cannot, therefore, alwais bo 
“ punsts ” without defj ing custom, which, as Horace has said, decides the 
language we must use 

bomttimcs the termination -ic is affixed to the name of tho metal 
for that oxide which contains the greater proportion of ox\'gcn, and -ous 
for the oxide containing the lesser proportion of ox^ gen ^ Poi instance, 
SnO IS cither stannous oxide, or tin monoxide, PeO is ferrous oxide, 
and FcoOg ferric oxide Tlio last-named method of naming the compounds 
IS not always satisfactory when tho elements form more than two com- 
pounds To get over tho difficulty, a prefix hypo (meaning “ under,” or 
“ lesser ”) 18 sometimes added to the compound containing the least," and 
per- (“beyond,” “ aboVo ”) is added to the one with the most oxiccn 
Tims, 


Pcraulphuno ocid H-SjOi 

Sulphuric acid H-SO* 

Sulphurous acid H-SOj 

Hyposulphuroua acid H-S-O 


Prrohlonc ncid HCIO, 

Chlono acid HCIO- 

Clilorous ncid HCIO- 

HypochlorouB acid HCIO* 


The BIX nitrogen oxides— nitrogen monoxide, dioxide, trioxide, tctroxido, 
pcntoxide and lioxoxide — ^would bo awkwardly named by this system’ 


» Por historical rcoBom. the names of some compoundn do not conform to this 
Bistem bocauBo tho afiiv ic was nfwi|rncd to tho compound first discovered, and 
the compounds subscquontly disco\or«l wore named accordingly 
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Oxides like alumina — feme oxide — ^FenO^, etc, are sometimes 
called sesqmoxides (Latm, sesqu%, one half more) ^ 

The nomenclature of morganic chemistry is tlius hosed upon the 
principle that the different compounds of an element with other elements 
can be named by a simple change in the beginning or termination of the 
word — ^witness feme and ferrous oxides , and also by the addition of a 
numencal suffix showmg the relative number of atoms of the correspond- 
ing element m its compounds These httle artifices, apparently trivial, 
are really important advances m the language of chemistry The method 
has some defeots, but when the necessity for a modification becomes 
acute, it will probably not be difficult to change Language generally 
lags in the wake of progress. 


Questions 

In the questions appended to tins and subsequent chapters, I have omitted 
direct “ quiz ” questions such as “ What is the symbol of hydrogen t ” ‘ How 

18 hydrogen prepared ? ’* etc Questions of this land havo a certain value in 
revision work, and good sets will be found in the broohure published as an 
" Appendix for NeWth’s Inorgamo Chemistry ” , in H P Tolbot’s “ Study 
Questions— Inorganic Chemistry and Quahtati\o Chemical Analysis” and in 
F Jones’ “ Questions on Chemistry ” Most of the questions hero reproduced 
involve a httle thought or work of comparison, and they inll accordingly serve 
to emphasize special features which different oxaimners have thought to bo 
important Socrates long ago demonstrated the value of questions os an auxiliary 
m olanfymg hazy notions 

1 Name two important respects in which metals differ from non metals 
Name on element which may be regarded both as metal and os non metal, and 
give some of the reosons — Pnneeton Vntv , U S A 

2 When substances are brought into contact, how would you know whether 
they acted chemically on one another, or simply remomed mechamcally mixed T 
Describe mmutely m illustration the combmation of any two elements — Oxford 
Junior Locals 

3 Distmguish as clearly ns you can between changes m matter winch are 
classed ns ohomioal and those classed as physical Which of the following do 
you think are chemical, and which ore ^ysical (a) freezing ice cream (b) 
sourmg milk , (c) bummg a candle (d) ^tiUmg water , (c) magnetizmg iron , 
( / ) electrolysis of a solution of copper sulphate 

4 Give a brief outlme of the atonuo theory, together with its history — 
Pnnetton Vntv , U S A 

6 Show how the facts summarized m the law of multiple proportions are 
explamed by the atomic theory Two oxides of a metal M contain respectively 
22 63 and 30 38 per cent of oxygen If the formula of the first oxide be MO 
what wdl be that of the second T — Sheffield Untv 

0 In what relations do the elements stand to other smgle homogeneous 
substances, and such substances to other natural or artificial objects ? Refer 
for illustration to qmcksilver, water, gunpowder, a piece of granite, an orange, a 
picture — New Zealand Untv 

7 State the law of multiple proportions How would you proceed to prove 
the law experimentally T — Aberystwyth Vntv 

8 John Dalton expressed and helped to estabhsh the law of multiple pro 
portions, and he also proposed an atomic theory Explain why one of these 

contributions to ohomical science was classed as a law while the other was not 

American Ooll 

9 Define the Lows of Dofinito and Multiple Proportions Show how the 


• Tlio oxides con be roughly divided into two classes Some oxides, with 
water, form acids, and others act as bases It is not very easy, at this stage of our 
work, to draw a sharp hne of demarcation between the two Tlie oeidtc oxides 
have a sour taste, and turn a solution of blue litmus red , the basic oxides turn a 
solution of red htmus blue, and hav e a soapy feek 
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foliowinp nnalrso'* of Hiroo o\t{lo<5 of nitropon ilht<>(rti(o Hto Liu of Miilttplo 
Proporlioas — 

ABC 

Nitropon 6*^ fiS 4C (IS SR 0-f 

0\}pon SJJ'Jr. r.’t’tS 74 00 

1 iclorin r^nir Maiii'IifUfr 

10 Define n elicmicnl ohnnpo Oi\o imfnncpi of clK'inmil chanpoi occumnp 
in nature Df^cnbo oiponinenti uliidi diow llint mutter »« not lopt in cJiomirnl 
clmnpcs — OirfHP Colt 

11 \inplif^ tlio quotation “ Before o\crj tiling n man of pcienro plioulcl nini 
nt boinp definite, clear, and nceurnte ’* 

12 Deoenbo in dr/nif Iiou i on uoiiM pepnrnto the eoiiPtiluontP of onlinnr\ blnrk 
pnnpouder and ascertain the perccntiigL in the iiii\tnrt of each comtituont — 
Si Andretr^ fbiu 
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Water and Hydrogen 

§ I Hydrogen — ^Preparation and Froperbes 

History — has been known fora very long time that an an: or gas is pro 
duced when iron is dissolved in dilute sulphuno aoid. T B Parooelsus, 
in the sixteenth century, described the action somewhat quamtly Ho 
said that when the acid acts on iron “ an air arises which bursts forth 
like the wind.” J B van Helmont (c 1600) described this gas as a x>eouhar 
variety of air which was combustible and a non supporter of combustion, 
but his ideas were somewhat hazy, for he confused hydrogen with other 
gases, like methane and carbon dioxide, which do not support combustion. 
Pnestley, and ivnters generally up to about 1783, used “ inflammable air ” 
as a general term to mclude this gas, as well as the hydrocarbons, hydrogen 
sulphide, carbon monoxide, and other combustible gases. H. CavendiBh 
(1766) showed that the mflammable air produced by the action of dilute 
sulphuno or hydrochlono acid on metals like iron, zinc, and tm was a 
distmot definite substance, and A. L. Lavoisier (1783) called the gas 
“ hydrogen ” 

The gas obtamed from metalho iron is not very pure, and it possesses 
a distmot smell owmg to the presence of hydrocarbon gases, etc , formed 
by the action of the acid on the carbon compounds associated, ns im- 
purities, with commercial iron The solution remauimg after the action 
of sulphuno acid on the iron when put aside m a cool place soon forms 
beauMul pale green crystals of ferrous sulphate Their mode of forma- 
tion, etc , 13 quite analogous with the process used m the preparation of 
zinc sulphate crystals, 4. hlagnesium and aluminium furnish a fairly 
pure gas . with ahraimumttie^aoidjlioulcl'lfe warned to start the reaction 
In these oases not only is hydrogen gas obtamed, but crystals of 
magnesium sulphate and of alummium sulphate can be obtamed from the 
hqmds m which the metals have been dissolved. The action of the acid 
on tm IS rather slow, granulated zmo is used for general laboratory work, 
m the foUowmg manner 

Preparation m the laboratory — Granulated zmo is placed m a two- 
necked Woulfe’s bottle,^ A, Fig 9 One neck is closed air tight by a one- 
hole rubber stopper fitted with a funnel tube, B, extending nearly to the 
bottom of the bottle, the other neck is fitted with a glass tube, C — 
delivery tube — ^bent ns shown in the diagram The dehvery tube dips 

* The tubulated bottles for washing gases appear to have been first described 
byTeter Woulfe in 1784, hence the term Woulfe s bottles, not “ Woulfi’s bottles ” 
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under the beehive, D, placed in n ba*-!!! of u nter, E The i csscls D and 
E form 1 collecting, gas, or pneumatic trough ’ 

Pour Eomcwatci through the funnel tube until the ruiciMvoIIcoxond, 
make sure that nil the joints uro aii-light, and that no cbcajic of gas 
IS possible other than 
through the delivery 
tube Pour conccntralctl 
sulphuric acid, a little nt a 
time, through the funnel 
lube until tlio gas bcgina 
to come off vigorouflly 
The mixture of nir and 
hjdrogen gns first issuing 
from the dchverj' tube is 
\ erv cxplosn c. It is 
therefore necessary to 
make sure that all the 
has been expelled 



air 


A 

before the hjdrogcn is 
Hence, invert a test tube 


When the jar is full of gas, close 


Pin 9 ~Tlio Pn'pnrntion of Ifj<lrof*rn 
collected in the gas cjhndors, or gas jars, F 
full of water o\er the hole in the iipjar 
floor of the “bctlmc" AMicn the tube is full of gas, npplj n lighted 
taper to the mouth of the test tube If the gas detonates, j-ept.-it (he 
trial until the gas bums quietli, Fill a gis jar full of water, to\tr 
It with a greased glass plate, 0, turn the jar and co\er npsidi down, 
and rcmo\c the plate while the mouth of the gas jai is below thu 
surface of (he wrier in the gas trough Place the month of the jai o%or 
the hole in the floor of the " beehix e ” 
the mouth of the jar wnlh the gla«s 
plate and rcmo^ c the \ e«sel from the 
collecting trough Stand the jar mouth 
downwa^s, and collect several jars of 
gas m a similar wa 3 ’‘ 

Properties — ^Plunge a lighted taper 
into a jar of tho gas lield mouth 
dowTiwards, the gas is combubtiblc, 
for it bums with a scurecly vihible 
blue flame at the mouth of the jar, 
and tho taper is cxtinguibhcd, showing 
that tho gas is a non-supporter of 
combustion Tho gas can be jiourcd up 
wards from one jar to another as illus- _ 
tratod in Pig 10, and it can be proved "Pouring llj drogon up\ nrds 

that the gas has actually been transferred from the one tessid to tho oilier 
by testing the contents of each jar with a lighted taper TJio gas is theic- 
foro hghter than air indeed, for many purposes there is no need to use 
the pneumatic trough for collecting hydrogen Bring the gas jai month 
doivnwardb over a jefc of liydrogcii Tho liydrogoii collects at the lop of 
the jar, and displaces the air dowiiwards-hcnce the term collecting gases 

* TJio discovery of tlin valor piioiittiatio (rouch is oftoii iiHril,i,«„,i i i 
Hales, about 1730, J Priestley afterwards usctl mercun' 1 1 
this enabled him to manipulate gases soluble m water ^ ^ water and 
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by the dovmward^ displacement of air Later on -we shall meet another 
important gas which turns clear hme water turbid — hydrogen does not 
As mdicated above, a mixture of hydrogen with oxygen or air is violently 
explosive. This can be illustrated by muong tivo volumes of hydrogen 
gas mth either one ^olume of oxygen or live volumes of air m a soda- 
ivater bottle. A hghted taper apphed to the mouth of the bottle causes the 
gas to detonate violently The combustion of the whole mass is almost 
mstantaneous. 

, These expenments have taught us that hydrogen is a colourless gas 
Jwithout taste or smell Its specific gravity is very low compared with air, 
am other words, hydrogen gas is hghter than air The gas is infiammable, 
I'and bums in air with an almost colourless flame, while a hghted taper is 
poxtmguished when plunged mto the gas Hydrogen gas has no apparent 
(’action on clear hme water 

§ 2 Bummg Hydrogen m Air 

Fill a gas holder,^ M, Fig 11, with water Close the two stopcocks, 
remove the stopper N and place the dehvery tube from the hydrogen 

apparatus (Rg 9)m 
the opemng Water 
IS displaced® by the 
hydrogen When 
full, close 77 with the 
stopper By keeping 
the large tonel, F, 
filled vnth water, and 
regulating the two 
stopcocks, S and S^, 
hy^ogen can be dis 
placed from the gas 
holder at any re 
quired speed * Con- 
nect a glass tube, bent 
as shown m the dia- 
gram, with the exit tube from the gas holder, mterposmg a calcium 
chlonde tower O, packed mth granulated calcium cUonde, and a plug 
of gloss wool at each end. The object of this tube is to remove moisture 
from the gas.® Place a bell jar, A, m a dish of distilled water, H, 

* Many writers call this coUteitng the gat by upward dtsptacement The student 
must therefore make jjerfeotly clear there is no confusion m his own use of the 
term 

s There is no special need for a gas holder m tlus particular experiment Kipp’s 
appamtM may be used, as illustrated m A, Fig 12 The gas holder is mtrodu^ 
here to illustrate one of the methods of stormg gases m the laboratory 

’ This IS done over a smk to carry off the surplus water 

* 'When hydrogen is to be bnmed a jet of hard glass should be used, or, better 

“tip Of platinum or a piece of quartz glass tubmg should be attached by a piece 
of mbber tubmg to the delivery tube The hydrogen flame is v ery hot and aoon 
melts ordmary soft glass j « 

* Bulphuno acid is also frequently used to absorb moisture from 

gases Phosphorus pentoxido is used in special cases where a vorv powerful 
absorbent is needed for very small amounts of moisture The drvme aront used 
must not react with the gas j b b 



Fio 11 — The Action of burning Hydrogen m Air 
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Fig 11 , and airniigc iho delucrj’ tube «7 *=0 that jt can bo quiokU li\ccl ns 
illu‘?tralcd in the dingmni Collect a test tube of the gas bj doviiuanl 
displacement ns it lon\cs the o\it tube in order to make 8111x5 that all air 
ha-> been displaced from the tubes 

When the ttst is satisfacfors. light the jet of hydrogen, and adjust the 
flame until it is about the sizoof ncandlc flame, loner the buniing jet into 
the cjhndor of air as shomi in Fig 11 Note that the water rises in the 
jar, and that the flame of hjdrogcn gmdunllj e\pires Immcdiateh this 
occurs, stop the current of hydrogen h\ means of the stopcock, otheiui'-o 
hjdrogcn gas will pass from the gas holder and miv XMth the residual air 

The gas remaining 111 the jar has quite siinihr properties to the gas 
remaining after niorcur3 is calcined in air, p 10 Coni-cqucnlly, it is 
inferred that when hydrogen bums in air, it unites with the oxygen 
and leaves nitrogen behind If the experiment be can fullj done, four- 
fifths of the original volume of air remain 'Jlie burning hydrogen rtmoxes 
one fifth of the original xolumc of air Hjdrogcn docs not burn in tho 
residual nitrogen 
A certain amount 
of “dew ” collects 
on the inner walls 
of the boll jar, but 
that, of cour-c, 
nn\ come Irani iho 
water in the dish 
below Li fine, 
we have reasons 
for supposing that 
hydrogen, 111 burn- 
ing, combines with 
oxygen to form an 
oxide of hydrogen 
in tho same senso 
that mercury, 
when calcined 111 
air, combines with 

oxygen to form mercuric oxide It remains to ti j and isolate the hydiogcn 
oxide wiiosc existence wc have just inferred, but not prox ed 

Fit up tho apparatus previously desenbed for the prcpiration of 
hjdrogen, Fig 11 , or use one of the numerous modificntioiih of Kipp’s 
apparatus, saj, x 4 . Fig 12 Kipp’s apparatus is very conxciiient xvhen .v 
steady current of hydrogen is needed for some time, 01 when xanablc 
quantities of gas arc required intermittently ‘ The ICipp’s ajijiaratus may 
conveniently bo used instead of the gas holdci in the preceding experiment. 
Connect tJic Kipp’s apparatus with tlie drying tower packed mth calcium 
chlondc, B, and fitted with a jet < 7 , for burning tho hydrogen A piece 



* Zinc ifl placed in ilio middle bulb, nnd dilute Bulpliurio acid (1 \ol ncid 
8 vols xvator) or hxdrocliloric ncid in tlio lower nnd upper bulb, ng shown in tlio 
dinwam Open the stopcocks until tho pas has displaced tho nir a’ho vclocitv 
of tho current of gas is regulated by the stopcoclts When the stopeock is closcX 
the acid is forced away from tho gns The side tube hcljis to proxent nn accumu- 
lation of spent ncid near tho 7inc There are over u Imndrcd modifications of tlio 
pnnciplo for supply mg a continuous stream of gns 


C 
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of narrow quartz glass tubing makes an oxoollcnt }ct. If this is not 
available, use a jet of hard “ combustion ” gloss tubing Test the gas, 
to ensure the absence of air, by brmgmg a dry tost tube over the jet of gas 
iBSumg from the drying tower Bring a hghted taper to tlio mouth of fixe 
tube. The hydrogen should bum quietly, m that case, it Mill bo noticed 
that a kind of “dew” collects on the msido of the test tube. Bnng the 
jet of burmng gas under the inverted funnel fitted, os shoivn m the diagram, 
mth a bulb, D, connected with an ospiratot for sucking a gentle current 
of air through the bulb The current of air carries along the products 
of combustion from the hydrogen flame A clear colourless hquid collects 
m the bulb ^ This liquid has all the properties of water — clear, colourless, 
tasteless, no smell, freezes at 0°, boils at 100'’, etc It is therefore provision- 
ally inferred that water is a hydrogen omde formed when hydrogen 
bums in air 


§ 3 Morley’s Experiment on the Composition of Water by Weight. 

E W Morley (1806) has a very fine application of the principle under- 
lying this experiment Known weights of pure dry hydrogen and pure 

dry oxygen wore stored m two largo 
glass globes.’^ The globo oontainmg 
oxygen was connected with C, Fig 13 
The oxygen passed through a layer of 
phosphorus pontoxido,® and thence 
into the gloss chamber JLf wd one of 
the jets A , the globe contaming 
hydrogen was similar]^ connected with 
another tube, D, containing phosphorus 
pcntoxide, and the hydrogen led into 
the chamber jlf md one of the jets A 
The rates at which the gases enter 
the chamber was regulated by smt- 
able stopcocks. The chamber M was 
previously evacuated and weighed. 
One of the gases, say oxygen, was 
allowed to enter M, and electric sparks 
were passed aeross the tenmnals F 
just over the jets A Hydrogen was 
led mto the apparatus and ignited by 
the sparks. The rates at which hydro 
gen and oxygen entered the chamber 
were regulat^ so that the formation 
of water was contmuous. The ivater 
formed was condensed, and collected m the lower part of the chamber 
To hasten the condensation, the apparatus was placed m a vessel of cold 



Fia 13 —Morley’s E^erunent — 
Synthesis of Water 


* The bulb can bo cooled, if desired, by resting it m o funnel, and allowing 
water to run over the bulb and out from the bottom of the funnel to the sink 

» The hydrogen was prepared by heating palladium hydride, and the oicygen 
by heatmg potassium chlorate The apparotus for storing and drying the 
bydri^en and oitygen is not shown in Fig 13 

* The phosphorus pentoidde is not mtended to dry the ciUcTtitff gascs^— those 
have abeady been dried 
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wa'cr— dotted m tlicdingrtmt Wien iv nunipirnt nmount of %\atcrMni 
formed the nppiraliH %\'n<? placed m a freezing mixture The mixtun* 
of unconsumed oxygen and h^drogpn remaining in the tube, moa pumped 
away, and analj sed The m oighti of lij drogon and ox> gen FO obtained m cro 
added to the weights of unconsumed hxdrogcn and oxygen remaining in 
the globe*? Tlie plio'^ihorus pcntoxide tube*? prci ented the escape of w nter 
\niK)ur, TIio nmount of water formed was determined from tho difference 
in tho wTMghts of the sj stem ilf before and after the experiment Tlic 
amounts of hvdrogen and OMgen used were determined from tho weights 
of the corresponding globes before and after the experiment The nmount 
of water formed was determined from the increase in the w eight of the aba\ e- 
desenbed vessel before and nfUr tho conihustion 5Iorle\, as a mean of 
eleven experiments, found that 

H> drogon wed 3 710SgrnniB 

Oxygen iip« 1 29 SIS'! inrnms 

tVnler formed 3t 23*10 grtunB 

Hence* taking oxjgon = IG ns the unit for combining weight, it folloivs 
that 16 parts by irciqht of oxygen combine with 2 OIG parts bi/ weight of 
hydrogen to form 18 016 par/s of irafer — ^witliin the limits of tho smaU 
experimental error 

§ 4 Dumas* Experiment on the Composition of Water by Weight. 

Hydrogen does not combine easily with manj of (ho elements, hut it 
readily combines with oxjgcn, cWonne, fluorine, litlmim, and a few 
others Hydrogen wnll serj' often remme oxjgon and chlonno from their 
compounds with the other elements Tlius, when liydrogcr^ is piseod 
over hot ferric oxide, knd oxide, nickel oxide, copper" oxide, etc , the 
liy^ogcn combines with the oxjgcn^of the oxide^.and leaves behind the 
metal In these experiments, tho hydrogen is said to be oxidized , and 
the metallic oxide, reduced 

If a known amount of copper oxide bo cmplo^cd,nnd the water formed 
bo collected and weighed, the weight of the reduced copper oxide will show 
how much oxj'gen has been used m forming a definite amount of water 
This svos done bj' J B A. Dumas m 1843 His experiment is not the best 
of its kind, although it w-OhS the best of its time, and it lias long held an 
honoured place in clicnucal text books Tlio experiment illustrates some 
important principles, and it is therefore bore described m outhno 

The preparation of pure hydrogen —Hie hydrogen was prepared by 
the action of zinc on sulphuric acid It might be thought that pure zinc and 
pure sulplmno acid should be used Experiment show's, curiously enough, 
that tho action is so x*ery, very slow', that it is often stated that " abso- 
lutely pure sulphuric acid, oven when diluted with pure w'aler, has no 
action on perfectly pure zinc ” Moreover, it is exceedingly difficult to 
prepare pure zinc and pure sulphuric aoidL Hence, pure reagents w'orc not 
used for tho preparation of tho hydrogen Accordingly, the gas may 
contain mtrogen and oxygen denved from tho air, sulphur dioxide and 
hydrogen sulphide denved from tho reduction of tho sulphuric acid by the 
hydrogen, carbon dioxide, arsenic hydride (if the acid or the Tine contained 
arsenic) , hydrogen phosphide (if the 7ino or the acid contained phosphorus), 
nitrogen oxides (if tlio acid contained nitrogen oxides) , and water vapour. 
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Accordingly, Dumas (18i2) used sulphuno acid, which had been well 
boilo^ to get nd of dissolved air, and then passed the hydrogen through a 
jBPncs of U-tufaes— Fig 14^ontaimng (1) pieces of glass moistened with 
fl^dratrateto remove hydrogen sulphide , (2) solution of silver sulphate to 
nemove arsemo and phosphorus compounds, (3) sohd potassium hydroxide 
|to remove ^phur dioxide, carbon dioxide, and mtrogen oxides,^ and 
j(4) phosphorus pentoxide to remove moisture ^ not absorbed by the sohd 
[potassium hydroxide. The phosphorus pentoxide tubes wore placed m a 
Jfreezmg mixture The tube marked (5) m the diagram contamed phos 
Iphonis pentoxide It was weighed before and after tlie experiment. If 
^o change m weight occurred, it was assumed that the hydrogen passing 
, 'through was qmte dry 



Tio 14 — Dninas’ Experiment (nbbrevintedl 

The experiment — ^Tho purified hydrogen was passed through a weighed 
bulb. A, contaming copper oxide, and heated by the spirit lampundemeatli 
Most of the water condensed m the bulb R, and the remamderwas absorbed 
in the U-tubo G containmg sohd potassium hydroxide, and in D and E 
contaimng phosphorus pentoxide The phosphorus pentoxide tube D was 
kept cool by a freezing mixture The three tubes C, D, E, and the bulb 
B, were weighed before and after the experiment The last U tube, F, 
contaimng phosphorus pentoxide was followed by a cyhnder, 0, of sulphuno 
acid throu^ which hydrogen escaped. The vessels F and G were not 
weighed, they served to protect the other tubes from the external 
atmosphere 

The results — The average of mneteen expenmente by Dumas (1842) 
gave 


Copper oxide lost m weight 
Water produced 


44 22 grams 
49 76 grams 


Hydrogen (by difference) 6 64 grams 

Hence, every 16 parts by weight of oxygen combmed with 2 004 parts 
by weight of hydrogen to form water The later detcrmmation of Morley 
gave 16 2 016 There is a curious error m Dumas’ experiment which. 


1 Damns used three potassium lirdroxide tubes, and two phosphorus pent 
oxide tubes I hove token the liberty of abowmg only one of enoh in the diagram 


WATTH *\XD TTYDROGrX 

jf not corrected nilvc- the rc-nlt n little high- The reduercl copper 
rctanii! some h\drogen \f rv Icn'icioti-h w occfti^ion of Indrogc n In the 
mct-al'*- p H*2 In npi»ro\tnialc work we mi\ lake it tint -i part'^ h^ 
weight of hjdrogcn combine with 16 puts b\ weiglit of owgen to fonn 
18 ]xarts of water 


§ 5 The Decomposition of Water by Metals 


In the preceding expenmentp vat^r has been sjaithe^ircd from its 
element's Let Ui now examine som* methods of docnniiyi''ing iratcr into 
its clcHunts — analysis Fill an iron, porcelain, or hard pla^s (nht— CO 
cm- long and 1 i cm- diameter — with bright iron _ t urnnigs or bright iron 
naib- In Fig !."> a hard glass Inbo is iis^al 1 his is drawn out at one end 
as shown in tlic ebagram Tins end k fitted with a dcliieri tube dipping 
in a gas trouglu roll of prea loush ignited asbcvtos paper, G cm long, 
IS meerted in the onpositc end Tin:? end is cIosmI «ith a red mbl^r 
stopper and the exit tube of the flask so arranged that it pa‘!S‘'s a sfiot 
distance into the core of the asbestos pa^wr Tlic a®birf tos roll, late r on, pre- 


aents the liquid 
water coming 
into contact with 
the hot glass 
and breaking 
the tube ^^ater 
IS boiled in the 
flask and the 
steam passing 
through the red 
hot iron turnings, 
is decomposccL 
When all the air 



has been clnvon out of the apparatus hydrogen ma\ lie collected m the gas 
jar The usual tests for liydrogtn indicated on p 44 raaj be applied 
Lavoisier made a similar expenment to this m 1783,'and slated that 
the metallic iron “ is converted into a blacl: oxide prccisth similar to that 
produced by the combustion of iron in oxagen gas ” The iron is oxidized 
by the water, and the water is reduced, forming “ a jx?cnhar inflammable 
gas,” which Lavoisier named ‘‘hjdrogcn ’ because “no other term seemed 
more appropnatc” The word signifies the “gcncratne principle of 
vater,” from the Greek rSjrp (hydor), water, and 7 fpr<££i>(gennaokI generate 
or produce Tlic German word for hydrogen is “ WasserstofT ” 

If zinc dust be used in place of iron, the temperature need not bo 
much higher than the boiling point of water, since zinc reduces steam and 
forms zinc oxide at a comparati\cIy low temperature If a stnp of mag - 
nesium nbbon be placed in a bulb of a hard glass tube and heated m a 
current of steam at a red heat, the metal appears to burst into flame, 
forming magnesium oxide The resulting hydrogen can be ignited if the jet 
of steam be not too vigorous. Metallic calaum decomi>oses cold water and 
gives off hydrogen, but the action slows down very soon, probablj because 
the calcium hydroxide is not all dissolved by the water, and in consequence 
a crust of this substance forms over the surface of the metal The calcium 
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can bo advantageously warmed with water in a flask, Rg 16, connected 
dneotly with a delivery tube leading to the gas trough. If the water is 
not free from carbonates, a crust of calcium carbonate also forms over the 
tiurfaco of the metal Calcium hydroxide is formed as well as hydrogen. 
Sodium decomposes cold water, giving off hydrogen, and formmg sodium 
hyciroxide The expenment is hable to unpleasant explosions when the 
sodium IS confined so as to enable the resulting hydrogen to be collected. 
The following is an easy way of showmg the action ^ A glass tube — 4 or 6 
cm long and 1 6 cm diameter, and open at both ends — is thoroughly dried 

inside This is lowered and clamped 
vertically m a dish of water so as not 
to wet the sides of the tube above the 
level of the water, Rg 16 A small 
piece of dry sodium, about 2 mm 
m diameter, is dropp^ into the tube. 
The hydrogen evolved can be hghted 
at the upper end of the tube. Sodium 
amalgam — that is, a solutioiT' of 
metaflie sodium m merouiy — decom- 
poses water much leas tnrbulently than 
sodium alone She result is similar 
when a small piece of potassium — 3 or 
4 mm diameter — is placed on water, 
but it reacts so violently that the 
temperature nses high enough to set fire to the hydrogen ® Hus bums 
ivith a flame tinged violet, owmg to the presence of the vapour of 
potassium, the hydrogen produced by the action of sodium on water bums 
with a yellow flame, owing to the contamination of the hydrogen by the 
vapour of sodium. 

This sot of expenments gives a senes of metals which appear to react 
inth water with inoreasmg violence, the metals seem to have an moreasmg 
“avidity” or “affinity” for oxygen 

Iron, zin c, m ognosium, oaloium, n^ium, potossoum 

^ 6 The Decomposition of Water by Electricity 

W Nicholson and A. Carlisle, May 2, 1800,® happened to jiut a drop of 
water m contact with two wires from an electne battery and noticed the 
formation of small bubbles of gas about the tips of the wires when the tips 
of the wires wore not in contact They tiion immersed the two wires m a 
glass of water, and found that gases were formed about both wires. They 
found the gas collected at one wire to be hydrogen, and at the other wire, 
oxygen Two volumes of hydrogen were eoUeoted for every volume of 
oxjgen The gases were mixed and exploded Tlie result woe water 
Tins is very interesting Wo have seen that cheimcal combmation can 
produce an clcctnc current , here an clcctno current is used to produce 
chemical decomposition 

The electrolysis of water — It will bo convemont to modify Nicholson 

' If thoro IS an explosion no particular linrm is done 
\ shoot of pinto gloss shonld bo held between the niotnl on the water and the 
oporntor 

* J W Hitter noticed tho dcromposition of water by on electric current a 
y cnrjn«hor — 1 709 



Fio 16 — The Action of Sodium on 
Water 



WATER A^'I> HYDROGEN 


51 


and Carlifcle’s cxpemncnt- A trouglj. Jig 17 j'> h’xU fillt-d \Mth \ alcr 
sbgbtly acidulaifd wtli etilphunc acid Ti'-t-tulxM luD of acidulatrd 
ivntcr are placed in the position shown in the diagram o\cr two phtc^ of 
gold or iilatinuni Tiie pi it<«i an. put m coninuinication with an accumu- 
lator or galvanic batters * Dunng the pa‘-ing of the cl(*ctnc currtnt, 
bubbles of ga? from about tht inttal j>Utt-a tk. into the te-t-tub^.^ More 
gis IS given off at one plate than the other '1 he gas in I'ach tube can be 
txaimned by means of a hghtesl taper or otluaaiipe. In tht one tube, 
the taper bums wth the “blinding bnlhiince” chanicttn''tic of oajgcii, 
and the qas in the otlier tube bums swlb tlie blm. flamt characttnslic of 
hjdrogen f?omc of the 'sater has diKapptared. but no cliangc cm be 
detected in the amount of ‘■•nlphunc acid mixed nith thenatfr H<ncc 
it IS inferred that the water, not the acid, lias been decnmjWK.d Tlie 
eigjcnmcnt Fiiccectb equally noil rf a leia* dilute tfilution of '•odium or 
potassium liy droxido>e ns/d -ynth nickel or iron eloctrodci Here again 
tEesvatcr, not the alli.ali, is decomjxi'ed- Tliesc reagents art ttfcxd becau'-e 



Fio 17 — Electroly-'fc? of \\ atcr — Gas/-s 
stpnrate/J 



Fig 1 S — 1 Icctro* 
lytic ft«s 


water alone does not conduct an electric current -sen well In fact pure 
water is said to be a non conductor of electricita/ Dilute solutions of 
acids or alkalies are good conductors. If iron clcxtrod/s are used in the 
aadulqted solution, mucli of the oxegen formed during the decomposition 
of the water is used in OMdizing the metal 

A mixture of one volume of oxygen and two \olumcs of hvdroccn 
called dectrolytic gas or detonating gas, is often wanted m gas*anal%sis' 
^ Tins IS easily provided bj placing both electrodes under one rccciVcr 
The apparatus illustrated m Fig 1 8 is often iKed for this w ork Electroh-tic 
ox>pn contains a little ozone andhjdrogcn peroxide if prepared In the 

hjdt^ixide 

of ior^tcr used to 1« wnlten HQ when the atouuc xvoight 

of hydrogen was taken unitj, and oxjgcn 8 Tins a<wces quite well with 
the determination of Morlcy and of Dumas But w c^nS^rallv ask for an 
explanation of the result of the electrolvsis of water Docs an atom t f 
h^ dr^en occupj^ twice the volume of an atom of oxygen ? This snSJecl 
vill be taken up in the next chapter ^ 

• There are scores of different -waje of dome thi« c * . 

instruments are very ingenious, but eawly broken xpenment Some of th-i 
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§ 7 Cavendish’s Experiment on the Synthesis of Water by Volume 

The older chemists considered water to bo an element. Tliey were 
qmte right so far as their knowledge wont, p 12, because they did 
not know how to decompose it into simpler substances. In the spring of 
1781, J Pnestloy mode what he called “ a random experiment ” to “ en- 
tertam a few philosophical friends,” in which a mixture of mflammable 
am” with oxygon or atmospheno air -was exploded in a closed vessel 

by means of an clcctne sparL The sides 
of the gloss vessel Avere found “ bedoived ” 
with moisture after the explosion, but 
Priestley paid no particular attention to the 
phenomenon. H 0 Cavendish looked upon 
the deposition of the dew as a foot “ avoU 
AYorth oxamming more closely” and im- 
mediately followed up the subject, m 1781, 
by exploding a mixture of “ one measure of 
oxygen ATith two measures of inflammable air 
(hydrogen) ” m a closed vessel No gas 
remained m the globe after the explosion, 
but the hydrogen and 


Explosion 
Tube - 



osygen lost their 
gaseous form, and pro- 
duced a certam Avcight 
of water The vessel 
and its contents under 
Aient no change in 
weight, or parted with 
anytlung ponderable 
„ . ... ........ dunng the explosion, 

Fia 10 -Synthesis of Liquid Water by Volume ^hJat a certam volume 

of gas Avos replaced by a certain Aveight of water Hence (Davondish 
deduced that liquid Avater consists, weight for weight, of the 
hydrogen and oxygen gases lost in its production Cavendish’s results 
wore communicated to Priestlevand to Lavoisier not later than the summer 
of 1783, and published m 1781.'^ 

The experiment can be illustrated m the folloAVing manner A stout 
glass vessel, A is fitted Avith a stopcock, C, at one end, and Avith a piece of 
strong pressure tubmg, D, connected Avith a reservoir at the other end. 
Fig 19 A pair of platinum wires, T, are sealed mto the stout glass 
measuring vessel just belOAv the stopcock. These AVires are put m communi- 
cation Avith an mduction coil, which m turn is connected Avith an accumu- 
lator The tube A is called the eudiometer, or the explosion tube This 
IS filled Avith mercury by adjustmg the lovelhng tube B and the stopcock 
C A nuxturo contauung one volume of oxygen and two volumes of hydro 
gen IS mtroduced mto the explosion tube via the stopcock C and by dopressmg 


* James Watt, of ongineenng fame, expressed the opimoii, m 1783, that 
Pnestio} ’s oxperimont meant that “ water is composed of dephlogisticated air 
(oxygen) ond inflammable air ” There Avns much confusion about that time m 
the use of the term “ inflammable oir,” and it is by no means clear that Watt 
meant by * inflammable air ” what avo understand by “ bjdrogen ” to day 



^^\Tr.R AND m*D]ROnEK 


rA 


tliclovollingtiilip Wlton the cxplcwion tube j'» nboul half or tlnoe fourths 
fillwl rend the \olume nf its contents li\ bringing the inercnrj lo the same 
level in both le\elhng tube and e\ plosion tube TlundeprcsH the hn oiling 
tube «;o that the increnrj falls noarlj to the Imttom of the explosion lube 
pass a spark from the induction cod through the "wire tenmnnlH of tho 
c^ plosion tube The gases explode, and the le\el of the mcrcurj' is again 


adjustcrl after the apparatus has sto 
the temperature of the room 'Die 
mercury rises noarlj' to the lc\ol 
of the ptopcoch - 

SupiKise the experiment be re- 
peated a number of times u if lij^nj, 
one ^olume of oxjgcn and three 
volumes of ludrogen — one ^olume 
of hydrogen remains after the ex- 
plosion , again try the expenment 
uith t-\vo \olumcs of ox\gcn and 
Iavo volumes of hjdrogeu — one 
^olumc of ox>gen wll remain un- 
combmctl after the explosion It 
is mfem'd, from this experiment, 
that two volumes of hydrogen 
and one volume of oxygen com- 
bine to form water, and if an 
excess of either oxygen or hydro- 
gen be present, the excess will 
remain uncombmed after the 
reaction 

Gas analysis — If a known 
volume of a gas containing hydro 
gen be mixed with an excess 


foi a few minutes in order to ngam 



Fio 20 — Synthesis of Steam by Volume 


of air or oxjgen, or if a Icnown volume of a gas containing oxygen 
bo mixed walh an excess of hydrogen and exploded in a oudiomctei, 
the contraction which occurs represents llic volumo of water foimcd, 
and the corresponding amount of the gas nndor inA cstigation can 
be dctci mined For example, 20 cc of air was mixed with 20 co 


of hjdrogcn and exploded Tlio mixed gases, after the explosion, occupied 
28 oc Hence, the contraction was 12 c 0 Hence, 12 c c of tho nuxturo 


combined to form water Of this two-thirds must have been hydiogcn, 
and one third oxygen Hence, the original 20 c o of an contained 4 c c 
(i e one third of 12 c c ) of oxygen This illustrates an important principle 
used m gas analysis 


§ 8 The Volumetnc Synthesis of Steam. 

Let us modify the preceding experiment Place a hot vapour jacket 
about the explosion tube so tliat tho watei remains m the gaseous condition, 

1 Tho mixed gns prohahlj contamed a littlo nir, and probably a slight excess 
of olincr oxygon or hydrogen 

* The advontage of tho forms of explosion vessel, Pigs 1 0 and 20, lies m tho fact 
that tho explosion takes ploco under diminished pressure, and is not so liable to 
fracture tho apparatus, because it is loss violent 
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and does nofc condense to a Lqtud after the explosion Tlie experi- 
ment IS illustrated in Eig 20 Hie upper end of tlie glass jacket surround- 
ing the explosion tube of Eig 20 is connected ivith a flask, M, contammg 
toluene, boihng at about HO®, or amyl alcohol, boding at about 130® The 
lower end of tlie jacket is connected with a flask and condenser N, so that 
the amyl alcohol con be recovered. Wlion the amyl alcohol' is steoddy 
boilmg, and the explosion tube has been filled as described in the preceding 
experiment, the gases are sparked In a few minutes, when the tempera- 
ture has h^ time to adjust itself, bnng the levelling tube in position for 
a reading It will be found that the steam occupies just two thirds the 
original volume of the mixed gases. Othennse expressed, 



// ff 0 Steam 


3 Volumes 2 Volumes 

Hence, it 18 inferred that when water is sjmthesized at a temperature 
[above the point of condensation — 100® — ^two volumes of hydrogen 
I react with one volume of oxygen to form two volumes of steam It is 
necessary to correlate the differont results desonbed in this chapter when 
water is syntliesiaed by volume and by weight. 

Questions 

1 BO c c of oxvRon arc mixed with 600 o c of hydrogen, both nro monsurod 
at normal lomperature and prepare, and an elcctno spark is passed tJirough the 
mixture , what volume, if any, of gns will remain ond bow would you ascertain 
what it 18 7 — Science and Art Dept Hint CO c c of oxygen unite with 100 c c 
of hydroTOU to form water, and most of the water condenses to a liquid , 400 c c 
of moist tiydrogcn remain 

2 n Bunsen (1846) mixed 430 07 c c of dry air with hydrogen Tlie mixed 
gases occupymg 672 74, were sporked, and the residual gns, when dned, occupied 
403 88 c c {a) Wliot is the percentage composition of dry nir, ossuming the 
nitrogen of the air is not afiectM by the explosion 7 (b) AYns sufBcient hydrogen 
added to combine with oil tlie ox}gen of the nir 7 Ansr (a) 20 01 per cent of 
oxjgen and 70 00 par cent of nitrogen {b) Yes An excess of 68 20 ce of 
hydrogen was added 

3 A mixture of 6 volumes of hydrogen and 3 volumes of air is surrounded 
bv n hot jacket nt a constant tompernture of 110“ AVliot change of lolume will 
occur after the mixture has been sparked, assuming that nir contains 21 volumes 
of oxygen and 70 a olumes of inert nitrogen 7 Here 3 vols of air eontam 0 63 
vol of oxy^, and 2 37 vols of nitrogen, 0 63 \ol of oxygen umtes with 1 26 
xols of hydrogen to form 1 26 vols of stoom Hence, the composilion of tho 
Cf jeture after sparking wiH bo 2 37 lols of nitrogen, 1 26 vols of steam ond 3 74 
vols of hydrogen Total, 7 37 vols Tho volume of the onguial mixture is 
8 vols Hence o contraction of 0 63 i ol occurs This question could lla^ e 
been more simply answered by noting that the Iiydrogen simplv removes 0 83 vol 
of oxygen from the imxture 


CHAPTER IV 


Combination by Voluhie 


§ I Gay-Lussac’s Law of Combining Volumes 


Thou hast ordered oU things in moosurc, and number, and weight — ^\\'i8dom 
OP SoI:.o'MO^ 


Not very long after Dalton had directed the attention of cbeniists to the 
relations subsisting between the n eights of bodies v Inch combine in different 
proportions, Gay-Lussac estabbshed a similar coiTCSpondcnco bctuccn 
volumes of combming gases A von Humboldt, the naturalist and ex- 
plorer, colleoted samples of ait from different parts of the world, and. 
with the aid of J F Gay-Lussac, analysed the different samxilcs with 
the idea of iindmg if the composition of air ivas lariablc or constant Gaj- 
Lussoo used Cavendish’s process — explosion of a mixture of air and 
hydrogen gas ip 52) As a prehnunary, Humboldt and Gaj.Lusj-ac 
mvestigatcd tlie proportion by volume in winch hydiugen and oxs'gen 
combine, and found the ratio of hydrogen to oxygen, by \olun\e, to be 
nearly as 2 1 If cither hydrogen oi oxjgcn was in excess of these 

proportions, the excess remained, after the explosion, ns a residual gas 
Humboldt and Gay-Lussac (1805) found 


Vols oxjgen Vols hydrogen 
100 300 

200 200 


Vols Tcsiduo 
101 3 hydrogen 
101 7 oxjgon 


After making corrections for impunties, etc , m tho gases, Gay-Lussac 
and Humboldt stated that “ 100 volum&s of oxygen required foi complete 
saturation 199 89 volumes of hydrogen, for which 200 may be put without 
error A Scott (1893) found, as the result of twclie experiments on 
the volumetno composition of water, that oxjgcn and hydrogen comhino 
very nearly in tho ratio 1 2 00245 by volume 

Struck by the simphcity of the relation thus found, J F Gay-Lussno 
(1808) followed up tho subject by numerous expernnciits with different 
gases As a result, ho concluded that “ga_sca always com bine m tliesmiplest 
prpportions by^yplqme ” For instance, one % olumc of hydfogon aombincs 
wth one volume of clilonne forming two volumes of hydrogen chloride 
this fact can bo represented (hagrammatically ® 


'(/> 




4U* 


Z t'afumes Z Volumeo 

\ 

Two volumes of hydiogon comhmo with one volume of oxygon formuig 
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two volumes of wator vapour (which condenses to hquid water if the 
temperature be below 100°) 



•5 yo/mes> S Yefunea 


Three volumes of hydrogen and one volume of nitrogen form two volumes 
of ammoma. Thus 



4 yo/oaies Z Volumes 


There are shght deviations with the gases which show deviations 
from the laws of Boyle and Charles, but the evpenmental results are such 
as to leave no doubt that Gay Ltissao’s generahmtion is vahd, and accord- 
ingly, we define G ay-Luss ac*s law . when gases react together, they 
do so in volumes which bear a simple ratio to one another, and to the 
volume of the gaseous product of the action It is assumed, of course, 
1 that the mitial and final products of the reaction ate under the same 
conditions of temperature and pressure 

We traced the remarkable way m which elements combme by weight 
to a peouhanty m the constitution of matter , so here, we are tempted 
to make a similar quest t It follows at once (1) if olemente m a gaseous 
l^te unite in simple proportions by volume, and (2) if ^e elements also 
I unite in simple proportions by atoms, then number of atoms m equal 
} volumes of the reacting gases must be simply related With J Dalton 
jlet us make a guess. Asrame that equal volumes of the different gases 
I under the same physical conditions oontain an equal number — say ii— 
I of atoms Then, when two volumes of hydrogen react with one volume 
J of oxygen to form two volumes of steam, we have 2» atoms of hydrogen 
/ reacting inth n atoms of oxygen to form in “ oompound atoms ” of steam 
^ Hence, two atoms of hj-drogen reaot with one atom of oxygen to form tivo 
^ compound atoim ’ of steam In that case, every atom of oxv'gen must 
) half an atom to make two “ compound atoms” of steam 

1 This contradicts the fundamental po'^tulate of the atomic theory-atoms 
.are mdmsible m chemical reactions Similar contradictions are en- 
i^imtered m n^rly every case of combmation hetneen gases, hence 
^Dalton claimed this guess to be untenable , we must tiy another There is 
/TOch a marked unffonnity m the deportment of elementary and oompoimd 
^ variations of temperature and pressure, thatit is 
any essential difference will be fo^d m the oonsti- 
. tution of elementary and oompound gases. 


§ a Avogadro’s Hypothesis 

» ^ -Avogadro (1811) pomted out that the fallacy m Gav Lussao’s 
reasonmg can bo avoided if ^vo diatmgmsh clearly between ckmentary 
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atoms and the small pai tides of a gas Assume that the small particles 
of a gas arc aggregates of a definite number of atoms Avogadro called 
these aggregates molecules m order to distinguish them from the ulti- 
mate atoms Tlie term “molecule” is the diminutive form of the Latin 
word moles, a mass. Each molecule of an elementary gas contains the 
same number and kind of atoms. For the sake of simplicity, assume 
that each molecule of hydrogen gas is composed of two atoms of hydrogen, 
and mak6 a smular assumption for oxygen gas. Hence, modify Gaj- 
Lussac’s guess and assume that equal volumes of all gases contain the 
same number of molecules Suppose that two volumes of hjdrogcn con- 
fam 2n molecules of h 5 'drogen, then one volume of oxygen w^ll conlam n 
molecules These react to form 2n. molecules of steam — each molecule 
of steam contains two atoms of hydrogen and one atom of oxjgcn The 
idea can be more clearly illustrated by means of the subjoined diagrams 
Each square represents one volume of a gas Each volume contains n 
molecules We do not know the numerical value of «. but, for the sake 
of simphcity, take n = 4 It makes no difference to the final conclusion 
what numerical value we assign to n Then wc have 


H H 0 2 H and 0 

V ■ I •II ^ M “ V' • > * 

Unmtxad Mixed Combined 

Again, wnth hydrogen and chlonm^ 

vr I ■< Iff ^ ^ 

H Cl Hand Cl zHCl 

Unmixed Mixed Combined 

Diagrams similar to these were used by A Gaudm, 1832 It must not 
be supposed for one nioinent that these diagrams are intended ns pictures 
of the actual molMules Biey are to be regarded as aids to the under! 
standmg of how Avogndro’s hypothesis has led chcniists to conclude that 
the molecule of gaseous elements are really compounded atoms, and how 
Avogadro s hypothesis reconciles the observed volume relations durmc he 
combmation of gases vnth the atomic theory auruig tne 

simplicity, that the molecule of water 
contoms three atoms, and that each molecule of hydrogen and oxvaen 

^^ocaiunfeifrmn thcobsS 
f^ts 18 that the molecule of oxygen is split into halves, and m the absenco 
of cadence to the contrary, we must assume for every substance Iho 
simplest molecular structure consistent with the obscn^cdTacts^ ^ 
Avogadro thus modified the atomic hypotiiesis and n/laT,in;i 
t.o^riy to gtoto Aotorfing to Avogadtora SS ^ toe JLiK 
p^de of an eluent or compound which ciosts free m a K 

ec ord.u:r.°em^S:^°^e'T"i“r'toS 
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explanation of what wo know to day, but it is possible that at some future 
date, the evidence will compel us to consider these molecules to be totro* 
or hexatomio. This will not matenally affect the principle os indicated 
above. The molecule of mercury, os we shall see later is supposed to bo 
[monatomic, and the moleoulo of sulphur hoxatomio Avogadro’s hypo- 
thesis states that equal volumes of all gases, at the same temperature 
^and pressure, cont^ the same number of molecules A M Ampdro 
tned unsuccessfully to extend the same hypothesis to sohds in 1614. 

Znorcasmg knowledge has mode the hypothesis more and more pro 
bable , it has been tested in hundreds of expenments, and never found 
wantmg The h 3 ipothcsis has done such good scrvioo in giving a rational 
explanation of many different phenomena tliat it has been accepted os a 
fundamental truth.^ Avogadro’s hypothesis is the basis of the current 
theory of chemistry 


§ 3 The Relative Weights of the Molecules 


In order to bnng into harmony all tlio branolics of clioinislrj , ivc must ba\ o 
recourse to the complete appbcatioo of the theory of A\ ogndro and Araptro 
in order to compare the weights and the numbers of the molooulos — 
S Can-sizzaho 


Avogadro’e hypothesis has proved to bo one of the most suggestive 
and fruitful hypotheses m the development of chemistry It has cor 
related what appeared antagonistic and contradictory , it has harmomzed 
what seemed ^oordant and confused, and made Dalton’s atomic hypo 
thesis a clear, intelhgible, and fertdo theory Had it not been for this 
development, Dalton’s h 3 rpothesi 8 u-as m a fair way of bemg “sentenced 
to stenhty and obhvion ” (A, WOrtz, 1887) 

By definition, the relative densify of a gas is a number which repre 
scuts how much heavier any volume of the gas is than an equal volume 
of the standard gas — generally hydrogen — measured at the same tempera- 
ture and pressure— generally at 0° and 760 mm pressure Thus, the 
relative density of steam is 8 96. This means that any volume, say a 
litre of steam, is nearly mne times as heavy as the same volume of 
hydrogen ^ 

^ Avogadro’s hypothesis, equal volumes of gases contain the same 
number of molecules, consequently, the relative density of a gas is 
proportional to its molecular weight If wo accept this deduction, it 
mables ns to detenmne the molecular weights of gases, onoo uo have 
fixed an arbitraiy standard for the density Cannizzaro’s umt hydro 
2, IS generally taken as the standard or os Cannizzaro expressed 
*" 0 „ 9 "a.ntity of hydrogen contained m a molecule of hydrogen 
chlonde is taken as umty The determination of the molecular 
weight of a gas is thus reduced to a laboratory measurement— the 
determmation of the relative density of the gas Methods for 


Avogadro’s law are observed with those gases which deviate 
Clmries’laws With hydrogen the dewatio^ siSy noUw 
. ohlorme the deviation is about li per cent w^way ooiico 

sflft deMity of a gas IS the weight of 1 o c of the cas at 0* 

^d 760 nun The density of a gas is liually exproMed m terms of a htro of 
Mau! ® number represonlmg the weight Jf 1 o o would be in<!onwn?ontly 
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mcasanng vapoTjr densities are described in a Idter chapter Kio 
numerical values for the molecular weight and the relative density of a 
gas referred to hydrogen (=2) arc the same ^ Tliat is, 

SToleculnr weight = Belatno density (Hg = 2) {!) 

If the density bo determined, as is frequently the case, with reference 
to air = unity, then, since the density of air with reference to Ho 2 
IS 28 75, or with reference to Oj = 32, 28 98, it follows 

Molecular weight = 28 98 X Relalivo density (nir = 1) (2) 


^^Xhese very important deductions were made by S Cannizzaro in a 
pamphlet pubhshed m 1858 Before tins step was taken, rank confusion 
prevailed m chemical hterature Tlie terms “atomic weight,’ “coni- 
bimng weight,” and “molecular weight” were used and abused m cverj' 
conceivable way After readmg Cannizzaro’s pamphlet, Lothar Me\cr 
(1860) said “the scales fell from my eyes, my doubts disappeared, and 
a feehng of tranquil security took their place ” 

Canmzzaro gave the following numbers, among others, for the densities 
of the different gases referred to hydrogen taken ns 2, or to a 5cmi<nioIcculo 
of hj drogen taken as unity 


Hjdrogon 
Ordinarv ovj gen 
Chlonno 
Nitrogen 
Water \ ajjour 
Hydrogen chlondo 


BeInti\o densities 
20 
32 0 
71 0 
S8 0 
18 0 
. 30 0 


If, therefore, the molecules of hydiogcn, o\ygcn, nitrogen, and chlonno 
contain two atoms, the atomic weights of these gases will bo half the 
respective molecular weights. Hence 


Tabi£ II — Cannizzaro’s Tabu: op Atomic Wnoirrs 


1 

Element 

Rclatno density 
of gns 

Atomic \\ eight 
Dcn-sit j 2 

Hydrogen 

2 

1 0 

0\ygen 

32 

10 0 

Chforme 

71 

36 6 

Nitrogen 

28 

14 0 


In the case of compounds, if the molecule of hydrogen chloride con- 
tains an atom of chlonno and an atom of hydrogen, the molecular weight 
will be 35 5-}- 1=36 6, and the molecule of water vapour containing 
two atoms of hydrogen and one atom of oxygen, will have a molecular 
weight of 16-}- 2 = 18 Hence, given the molecular weight of a com- 
pound gas, and the weights of the atoms of all but one of the elements, it 
IS possible to compute the weight of the atom or atoms of that element in 

> The Btudont must bo careful to note that if tlio unit bo H := I or O = IC 
tho relative density = f molecular iroight , or the molecular weight = 2 X rclati\ o’ 
density It is unfortunate that these different units are employed oven tlioucli 
all give the same final result Tho questions appended to this and soino sub 
sequent chapters have been compiled from different sources, and the different 
units have not been reduced to one uniform sj stem 
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the moleculo m question The modvs operand% will be discussed in the 
next two sections 

Avogadro eicplioitly guarded against the assumption that the number 
ot constituent atoms must always be 2 There is really nothing m the 
facts to justify the assumption that the atoms are simple particles. For 
all we know to the contrary, the atoms may bo clusters of n particles. 
Indeed, we shall soon review some cogent evidence which has led to the 
inference that Dalton’s atoms are not nature's irreducible minima Even 
if this mforence bo vahd, each cluster of n particles has a defimte weight 
— atonuc weight — and enters into and is expelled from chemical oom- 
bmation as if it ^vero a simple partaole If an atom be a cluster of particle^ 
each cluster, so far as wo can tell, has up to the present time behaved m 
chemical reactions as if it wore an mdividual particle. 

Problem — To deduce Awgadro'a law from (ha. rdolxon helween (he 
rdahve denstUes and (he molecular wagMs of the gases Let and Jlf 2 
denote the weights of the moleoules of two gases — A and E respectively , 
further let and Mj respectively denote the number at moleoules m umt 
volumes of the two gases. The weights of umt volumes (t c. the densities) 
of the two gases will bo Mjiii and The observed fact is that the 

molecular weights (M^ and Mg) of the gases are proportional to the densities 
and of the gases , or JJfg, from which it 

follows that in unit volumes of the two gases — This is the symboho 
way of stating Avogadro’s law Hence, it has been claimed that Avo 
godro’s postulate can be deduced from the relation between the molecular 
weights and the densities of two gases. 

This IS a oonvement example for oautionmg the student not to be misled 
by the apparent precision and ngorous accuracy conveyed to his mmd 
by reosomng expressed in mathematical symbols. Some affirm, on the 
strength of the simple demonstration just mdicated, that “Avogadiu’s 
hypothesis is true ” The reasomng is perfectly sound, but what about the 
premises, or statements upon which the reasoning is based 7 If the student 
has followed the description of Avogadro’s work, he will see that the 
method for the determination of molecular weights tacitly assumes 
Avogadro’s hypothesis is true Hence, if the mathematical demonstra* 
tion bo employed to prove that “ Avogadro’s hypothesis is true,” we argue 
m a vicious cirde. Wo have assumed m the premises what we souglit to 
“prove” in the demonstration 

§ 4 The Formuls of Compounds 

Avomdro’s hypothesis affords a bndge by which we can pass from large 
volumes of gases which we can handle, to the mmuter molecules, which 
individually ore invisible and intangible — W A Siienbtone 

Since Ganmzzaro’s time, an enormous number of molecular ireights 
have been determmed by the vapour density method. If the molecule 
cannot be decomposed, wo must assume that it is composed of one tmd 
of matter only If the substance is compound, it must be analyzed so aa 
to find the ratio, by weight, of its component elements referred to the 
oxygen standard (10) Por instance, suppose that tho analysis of a 
gaseous compound furnished 

Nitrogen 82 36 per cent , Hydrogen 17 66 per cent 
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Usuig Cannizzaro’s atomic •vreights, p 69, oxygen = 10. hydrogen = 1. 
and nitrogen 14, tlie compound has its nitiogen and hydrogen atoms in tlio 
follovnng proportion by •weight 


82 35 17 65^ ^ 

-■- j -■ nitrogen atoms — r — hydrogen atoms 
14r 1 


That IS, 

5 9 nitrogen atoms 17 65 hydrogen atoms 

Bj' hypothesis we cannot have fractions of atoms Tlic nearest -whole 
numbers are 3 hydrogen atoms for one nitrogen atom Since the sum of 
the atoms in the compound must represent the molecular v. eight, it follows 
that the molecular weight must be 3n + 14« = 17?i Or the molecular 
weight IS 17x1, 17x2, 17x3, or lln Tlic fonmila is 

NJffjn We can get no further until no know the molecular u eight If 
the vapour density of the compound (hydrogen = 2) be 17, the molecular 
weight is 17 Hence, 17 = 17n, or = 1 Tlie compound annlj'scd can 
therefore be represented by the formula EH 3 


E-^amples— (I) As indicated on p 47, E W Moricy (1895) found, m some c/iroful 
o'qxinments on tho sj-ntliesis of water, that lijdrogen used 3 7198 grms , o'wvgen 
used 29 6335 grms , water formed 33 2630 gnus Tliat is, one port by weiglit of 
hydrogen combines inth 7 94 parts bs weight of o\jgon to promico 8 04 parts b\ 
weight of steam A molecule of steam must contain n atoms of hydrogen, because 
parts of an atom do not take port in chemical changes Honco n parts h\ uciglit 
of lijdrogen per 7 94n porta b> u eight of oxygen gi^o a molecule of steiin*^o£ 
weight 8 04n This all follows from the atomio theory To apply A\ ogndro’s 
hypothesis, with Cnnmzzaro’H standard, tho density of tho utenni must bo deter- 
mined It lies between 16 and 20 It is diflicult to determine the number oxnfcth 
If n =s 1, the density of tho steam molecule -will bo near 8 04 This docs not ncreo 
with the observed density 10 to 20 If n = 2, tho density of tho steam ujll bo 
1 1 88 , ond if « = 3, tho density of steam will bo 20 82 Hence, n = 2 TJus 
mcara that each molecule of water \apour contains 2 atoms of hydrogen, atomic 
weight 1, Md one atom of oiygcn atomic ueight 16 88 , or if no mako our unit 
oxj'gon =10, tho atomic weight of hydrogen mil bo 1 008 

compounds ha^o tho same ultimate composition, nnmolv 

SS'^wl 11 ^ 1 ' ’ «'o one hos a rointno dejJi\y 

26, and tlio other a relative density 78 H=2) Wlmt w tlio formula of eneb 
compound ? There are 92 31 - 12 = 7 7 carbon atoms per 7 7 - 1 = 7 TUdrocen 
atoms But wo cannot lin\ o fractions of atoms, lienco dii iding bj 7 7 n o get tho 
ratio 1 1 That is, tho formula of tho compound ,s C„H„ Tho molecular S s 
of thissoncsof compounds is (12 + Dnor 13a If a = 2, thomolecular weight Hill 
be 20 Hence, one of tho compounds is C-H-, ond tlio other is CJIc ^ 

In calculating formulas for subslo-nccs uhioli cannot be \aponzed 
and one of tho methods to be desenbed later cannot be apphed, it is usual 
to as^mo that tho molecule has tho simplest possible formula In that 
^ the formula is said to ho empirical Some prefer to use the term 
form^a weight m place of “molecular -weight” when the actual 
molecular weight has not been determined Tlie formula weight like 
ae molecular weight of a compound, is the sum of the atomic wSts of 
the elements represenled by the knoivn or assumed formula of the compound 

of oxjgon 10 Honce,the ratio Tin o~°=^0~n0® 

0 1< _ 1 2 Tile formula is thcroforo -written Snfi nUVm, 1 10— 0 084 

to show why it is not Sn 20 ^ , &i,Or , &n«0. thoro is nothing 

(2) A sample of crystallized sodium carbonate furnished on analysis 37 2 per 
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oont of No-CO,, and 62 8 per eont of HsO What is the fommlo of tho'eoni 
— ]ajO = 37 2 — 106 62 8 + 18 = 0 36 3 49:^ 10 


pound t T^o ratio NojCO* 

Henco, the formula is take . 

why it IS not some multiple of this, say, nNosCOj lOwH-O 


puuuu ( 4.110 ^ TT ^ \ — '• — i ” 1 

Henco, the formula is token as Na-COj lOH-O, nlthouch there is nothingOo show 


§ 5 The Relahve Weights of the Atoms 


It has already been stated that the oonoeptions “molef^ar weight” 
and “ atomic weight ” are quite independent of our theories about tlie 
nature of atoms and molecules, nor are the conceptions much affected 
by the actual weights of the atoms and molecules because the terms under 
consideration are defuuto expressions of Avogadro’s hypothesis coupled 
with observed facts. It might therefore have been misleadmg to head 
this paragraph “ Weighing the Atoms ” There are reasons for supposu^ 
that the molecular weight of some compounds m the hqmd or sohd con 
dition IS a multiple of the molecular weight of the same substance m the 
gaseous condition The molecule of steam approximately corresponds 
with the formula HoO , but m hquid water there are reasons for sup- 
posing the molecule is either (HaO), or (H 20 ) 4 , that is, the formula for 
liquid water is not H 2 O, but either or HgO^ 

Refer back to the difficulty m fixmg the atomic weight of carbon from 
the ratio of the weights of carbon and oxygen m the two oxides of carbon 
which we enoounte^ m applymg Dalton's atomic theory Suppose tliat 
we do not know the atomic weight of carbon, but that we do !^ow the 
composition of a number of volatile carbon compounds os wdl as tiieir 
relative densities or moleoulair weights. Table IIL 


T«ii.v III — Moii.cui,ar Weiohts op somp Capboh CoMrouNiis 


Volatile oomponnd at 
carbon 

Composition by ' 

weight j 

Molecular 

weight 

Amount of carbon 
per molecule 

Oarbon mono'ade 

Carbon 12 , oxygen 16 

28 

12 

Carbon dioxide 

Carbon 13 , oxygen 32 

44 

12 

Methane 

Oorbon 12 , hydrogen 4 

16 

12 

Kthyleno 

Carbon 24 hydrogen 4 

28 

12 X 2 = 24 

Propylene 

Oorbon 36 , hvdrogen 6 

42 

12 X 3 = 30 

Carbon disulphide 

Carbon 12 , sulphur 04 

70 

12 


The smallest weight of carbon in a molecule of any of its known com- 
pounds 18 12 , and consequently this number is assumed to be the atomic 
weight of carbon Hie atomic weights of a great number of the elements 
have been determined in a similar manner 

The actual method used in finding the atomic weight of an element 
thus involves 

f ( 1 ) An exact analysis of a compound contaimng the given element, 
' and consequently the compound mvestigated must bo one which 

lends itself to exact analysis. 

(2) The compound must be one which can be prepared in a hi^ly 

purified condition 

(3) The compound must be volatile without decomposition, so that its 

vapour density can be determined 

(4) Tile compound must contain the smallest proportion of the element 

under in\ estigation Hus matter may need further amplification. 
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In 1894, J A Wanklyn claimed to ha\e discovered a senes of hydro- 
oarbonH, one member of which contained carbon 102 parts by W'oight, 
and hyirogen 17 parts, and had a vapour density of nearly 116 (hydrogen 
2) Assuming the atomic weight of carbon is 12, and of hydrogen 1, these 
numbers give formula Cp (-Hiy If this statement had been corroborated, 
and \re wore quite suio that AVanWyn’s hydrocarbons were not mixtures, 
it would bo necessary to make the atomic weight of carbon = 6, and ’write 
the formula of the compound m question and this in spite of the 

fact that thousands of compounds of carbon arc lalo^vn, and all agree with 
the number 12 for the atomic weight of carbon The formula of carbon 
monoxide — CO — ^wouldthen bo wntten CoO, etc. But Wanklyn s clfiim 
has never been cstabbslied 

These remarks emphasize the importance of cxaminmg as lai^o a 
number of volatile compounds as jmssiblc when fixmg the atomic weight 
of an element If only a small number of compounds be exanuned, there 
isal’ways a possibility, and perhaps a probabihty,that the actual minimum 
weight does not occur amongst the set of compounds taken It followrs, 
therefore, that the atomic vveight of an element is the least amount of that 
element present m any molecule of all its known volatile compounds. 
The value so obtained is the maximum possible value, the real value 
may afterwards prove to be a siibmultiplo of tins »Tlic atomic W'cight 
must be a whole multiple or submultiplc of its combining weight Owing 
to tlie fact that the molecular w eights of so many volatile compounds of 
carbon are known, it is not \cryprohahlo that tiio atomic weight of carbon 
18 less than 12 

There arc several other methods of computmg molecular and atomic 
weights of the different elements fortunately, atoms and molecules 
possess other qualities besides mass which arc dependent upon their 
“atomic W'eights” and which can be readily measured Some of these 
will be described later 


§ 6 The Elements 

What are the best representative values for the atomic weights of the 
elements ?— The best available determinations of the value of the o-Q'goii- 
hydrogen ratio give numbers rangmg between I 005 and 1 008 when tlio 
standard of reference is oxygen 16 All measurements made by man arc 
affected by unavoidable errors of experiment, and measurements of the 
tuimerical value of all constants differ within certain limits amongst 
themsrfves (see p 16) It is convenient to select one representative 
value from the sot of different observations ranging between the limits 
1 006 and 1 008 The majority of chemists have 'agreed to lot tlio Inter- 
nataonal Committee of Atomic Weights decide what aio the best ropro- 
^ntative values for the atomic weights of all the elements year by Tear 
Hence, tbo generally accepted ratio for the atomic weights of hydrocon 
Md oxygen IS i oo8 i6 Every time new and more refined methods of 

j change— generally insignificantly small— 
may bo neoessapr The student must recognize that the tfue atomic 
weighte carrnot bo altered by the votes of the majority of the memSS^J 
the Liteinational Committee of Atomic Weights ^lere is al incortain 
actor m the accepted values of the atomic weights, as there js m all our 
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jadgiacnts. V^Lristotle was no doubt nght, “nothing can be positively 
known and even this cannot be positively asserted.” This doctrine, 
however, if rigorously apphed, would paralyze all action Accordingly, 
sound nunded people are accustomed to balance the evidence and then 
act A careful consideration of all the available evidence considerably 
reduces the nsk. of error, and this method, adopted by the Committee, 
appears to be the most satisfactory solution of the problem 

The atomic weights of a few of the more important elements are m- 
dicated m the following table The numbers are those recommended 
by the International Committee on Atomic Weights The full table 
appears inside the front cover of this book. 


Table IV — ^International Atomic IVeights 0=16 


Aluimmum 

A1 

27 1 

Iron 

Fo 

65 84 

Antimony 

Sb 

120 2 

lead 

Pb 

207 20 

Arsemo 

As 

74 88 

Magnesium 

Mg 

24 32 

Bantim 

Ba 

137 37 

Manganese , 

Mn 

54 

Bismuth 

Bi 

208 0 

Mercury 

Hg 

200 6 

Boron 

B 

11 0 

Nickel 

Ni 

68 68 

Bromine 

Br 

79 02 

Nitrogen 

N 

14 01 

Calcium 

Oa 

40 07 

Oxygen 

O 

l6 00 

Carbon 

• C 

12 006 

Fhosphorus 

P 

31 04 

Cblonne 

Cl 

35 46 

Flatmum 

Pt 

105 2 

Chromium 

Cr 

62 0 

Potassium 

K 

39 10 

Cobalt 

Co 

68 97 

Sihcon 

8i 

28 3 

Copper 

Cu 

63 67 

SiKer 

Ag 

107 88 

Fluorine 

F 

10 0 

Sodium 

No 

23 00 

Gold 

An 

197 2 

Sulphur 

S 

32 06 

HydroRon 

H 

1008 

Tm 

Sn 

118 7 

lodmo 

I 

120 03 

, Zmc 

Zn 

66 37 


For ordmaiy calculations mvolvmg the use of atomic weights, all the 
atomic weights, excepting chlonno (35 5), copper (63 5), nickel (58 5), and 
zmc (65 5), are rounded ofi to the nearest whole numbers The elements 
]ust nam^ are then assigned the atomic weights indicated m the brackets 
Some chemists — 6 D Hinrichs, for example — ^firmly beheve that the 
rounded numbers are the best representative values of the atomic weights, 
and that the small deviations from the rounded numbers mdioated in the 
“ International Table ” represent real, if unrecognized errors of experiment 
Why IS oxygen = i6 taken as the standard ?—Durmg the latter 
part of the nmeteenth century, J Dalton’s (1803) standard, hydrogen = 1, 
was used for the atomic weights mstead of oxygen = 16 Hvdrogen 
was selected because it is the hghtest element known J S Stas (1860-65) 
pomted out that the detenmnation of the atomic weight of an element 
should be connected with the standard as directly as possible Very few 
compounds of the metals with hydrogen are smtable for an atomic weight 
determination, while nearlj’’ all the elements form stable compounds 
with oxygen. Hence, if hydrogen be the standard, it is necessary to find 
the exact relation between the given element and oxygen, and then cal- 
culate what that relation would be on the assumption that the relation 
between hydrogen and osygen is Lnowri Every improved determmation 
of the relation betiveen hydrogen and oxygen would then be followed 
by an alteration m the atomic weight of evciy other clement whose value, 
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■with respect to hydrogen as a standard, has been determined by the in- 
direct process 3ust indicated Tlio determination of the exact relation 
between hydrogen and oxygen appears to be more difficult than many othci 
determmations and hence, the majoiity of chemists tlunk it bettci to 
refer the atomic weights of the elements to oxygen = 16 ns the standard 
instead of making the atomic weights depend on the more or less uncertain 
relation H 0 The standard oxygen = 16 is quite arbitrary T Tliom- 
Eon (1826) used o:ggcn = l, W H IVollaston (1814), 10, J S Stas 
(1860-65), 16 ■} and J J Berzehus (1830) used 0x3 gen = 100 as standard 
The latter number makes the atomic weights of many elements incon- 
veniently large, and if the atonuc weight of oxygen be any whole number 
less than 16, fractional atomic weights wall be required The use of the 
“oxygcn-16 ” unit involves the least change m the numbers wluch were in 
vogue w'hen “ hydrogen-umty ” w'as the standard 

Division of the elements mto metals and non-metals — It is often 
convenient to dmde the elements into two gioups metals and non-metals 
Like most systems of classification an exact subdivision is not possible 
because some elements exhibit properties characteristic of both classes. 
Veiy roughl}^ the properties of the metals can be contrasted against the 
properties of the non-metals as mdicated in the subjoined scheme 


/ 


1 Tabif V — The PnorEiiTiFs 01 the Mftvls ami Non-metals coNTHASTm 


Metals 


1 Form basic oxides 

2 Gonorolly dissoho in miucrnl acids 

givuig off hjdrogon 

3 Either form no compounds mth 

hj'drogcn, or form unstable com 
jiounds — usuallj non volatile 

4 Solid fit ordinary temperaturo (ox 

ccptuig morcuT} ) 

6 Usually volatilizo only ot lugh tem- 

peratures 

6. 33 hen in bulk the metals reflect light 
from polished or freshly cut 
surfaces 

7 Specific gravity w goncrallj high 

8 Good conductors of heat and dec 

tnoity 

0 More or less mallonblo and ductile 


Non-metals 


1 Form ucidic oxides 

2 Do not usually dissoho cosily m 

mineral acids 

3 Form stable coinpounds with hydro- 

gen — those are usually xolatilo 

1 Gtuscs, liquids or solids nt ordinary 
tornpernturcs 

6 Excepting corboii boron, and silicon, 
tlic non motols are citlior gaseous or 
volatilize nt low tompornturcs 
0 Do not usually reflect light v orv well 


7 Specific gravity generally low 

8 Bod conductors of liont and elcc 

tricilv 

0 Mollcabihty and ductility nro not 
well defined 


i 


To show how difficult it is to draw a hard and-fnst lino of demarcation ) 
between metals and non-metals, the non-metals arsenic, antimony, and ) 
tellurium would bo classed with the metals if we depended exclusively 1 
upon 6, 7, and 8, hence, some introduce a tlurd division— the metalloids ? 
nf *1^° the hybrids, or elements which have properties charactonstio ' 
® the non-metals Tlio metals hthium, sodium, * 
potassium, ma^esmm, and aluminium have a low spocifio gravity The ' 

Se los3 volatdo than most motals i 

The non metal hydrogen is a good conductor of heat; and the non-metal ^ 
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graphitic carbon is a good conductor of heat and elcotncity Hence the 
division of the elements mto metal and non metals is but a rough sjTjtem 
of classification, arbitrarily adopted because it is oonvemont. 

In all qratems of classification, the attempt is made to bring together 
in one group the things ■which are alike m general properties, and to 
separate those which are unlike The attempt to group the elements by a 
code of defimtions 18 foredoomed 'to failurei. There is a seductive simphcity 
about a defimtion which may be attractive, but it- is artificial and often 
misleading As T Gampanella (1600) eitpressed it “Defimtion is the 
end and e'Pilogue of science It is not the beginiimg of our knowmg, but 
only of our teaching 


§ 7 The Relation between the Molecular Weights and the Volumes of 

Gases 

The molecular weight of any gas is numerically equal to the weight of 
any volume of the gas when the weight of an equal volume of hydrogen 
under the same physical conditions of temperature and pressure is 2 Two 
grams of hydrogen, taken os the standard, occupy 22 4 htres at normal 
temperature — 0° — and normal pressure — ^760 mm of mercury Hence, it 
follows directly from Avogadro’s hyi>othesis that the molec ular wmght of 
any gas, eiqiressed m grims, occupies. approia mi^l Y. 22*1{'’litrei ,aT o® - 
’af id^fio mm"' pressure ^ '^Consequently, to find the molecular weight of a 
g^ous substance, weigh 22 3 htres of the gas at a convement temperature 
and pressure, caJoulate the correspondmg volume at 0® and 760 mm 
pressure, and calculate by proportion the weight of 22 3 htres. 

Exami ce — A litre of gas at 20® and 730 mm weighs 1 704 ^ams, what 13 the 
molecular weight of tho gas T By the method of calculation indicated in the next 
ohimter, one litre of a gas at 20° and 730 mm pressure contracts to 804 600 
at 760 mm and 0° Hence, if 804 6 c o weigh 1 704 grams, 22 3 litres 'WiU weigh 
43 07 grams Hence the molecular weight of the gas is nearly 44 

It must hero be mentioned that the number 22 3 is not qmte ngbt for 
all gases Many gaseous molecules have a sbght attraction for one another, 
so that tho moleoules are shghtly more closely packed than is represented 
by Avogadro’s hypothesis Tho greater the mtermolccular attraction, 
tho greater tho weight of 22 3 htres, and consequently, the less the volume 
of a molecular weight of tho gas expressed m grams Thus, experiment 
shows I 

„ , „ „ „ , Hydrogen Carbon Steam 

Hydrogen Oxygen Nitrogen Cblonno chloride dioxide (0°,760 mm ) Mercury 

22 40 22 39 22 46 22 01 22 22 22 26 22 39 22 65 

Tho deviation from 22 3 can bo neglected m ordinary ohomioal calculations 

Tho molecular weight of a coiuiiound not only tolls us a weight, but it 
also ‘tolls us that if the molecular weight bo expressed m grams, tbc gas 
will occupy 22 3 btres at 0® and 760 mm Further, the molecular weight 
of a gas, expressed m kilograms, occupies, approximately, 22 3 cubic 
metres at 0° and 760 mm pressure By more chance, the number of 
avoirdupois ounces m a kilqgram is 35 20, which is veiy nearlv tho same 
os tho number of cubic feet m a cubic metre (36 31)— J W Richards. The 
difference is only one seventh of one per cent. Hence, the molecular 
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weight of any gas, expressed m avoirdupois ounces, occupies, approxi- 
matdy 223 cubic feet at o’ and 760 mm pressure These factors 
are useful m calculations involving cubic feet, cubic metres, and litres 


§ 8 Chemical Equations 


When the initial and final products of a chemical reaction ns well as 
the composition and proportions of the molecules concerned in the reaction 
are known, the facts can usually be symbolized in the form of a chemical 
equation There are some limitations which 'aill be desenbed later 

1 The equation mdicates the nature of the atoms and the supposed, 

composition of the molecules concerned m the reaction; as well as^ 
the proportions of the different molecules m the mifaal and final 
products of tile reaction — For instance when morcun is healed m air, 
and mercunc oxide, HgO is formed, the reaction can he represented in 
symbols • 2Hg 1- Oj = 2HgO We here ignore the nitrogen of the air 
because, so far as we can tell it plays no direct part in the chcnucal 
reaction. Similarly, when mercunc ovide is heated to a high tempera- 
ture it decomposes, forming metallic mercury and ovjgen In symbols, 
2B[^ = 2Hg-f02. Th® symbol “= ’ is "used instead of the uords 
"produces” or "forms,” and the ^mbol is used for "together 

with” on the nght side of the “ = ” «ign, and for "reacts with” on the 
left side The latter equation reads. ‘ Two molecules of mercunc omde, 
on decomposmg, produce a molecule of oxygen and two molecules of 
monatomic mcrcuiy” The number and land of the atoms of the two 
sides of the equation must always be the same (persistence of weight) 

2 The equation mdicates the proportions by weight of the 

^bstances concerned in the reaction —The atomic weight of mcrcurv 
IS 200, and the atomic weight of oxygen is 16, hence, the molecular weight 
of mercunc oxide is 216, and of oxygen 32 The latter equation can 
therefore be read , ‘ 432 grams (ozs or tons) of mercunc oxide m decom- 
posing, form 32 grains (ozs or tons) of 0x5 gen gas and 400 grams (ozs 
or tons) of metallic mercury Hence the chemical equation can be 
employed in all kinds of arithmetical problems dealing with weichts of 
BUDstances formed or produced, ^ 


■ ^ mercunc ondc is required to furnish 20 crams of 

o^gen gas ’ "nte dam the proper equation , ^te 432 helov the mwunc 
radc, and 3_ belovr the o^pen Wc are not concerned with the mercorr in the* 

equation 32 grams of oxvgen orrjhmishrf 
by 43- grams oi racrcunc ondc, one gram of oxvgcn wUI be furnished by 43**,i.3‘* ~ 
13 ,* grams of mcreunc oxide , and 20 grams of oxygen will comohomiOX 13 5 - 
ZiO grams 01 mercunc oxide iJ o _ 

AtJL^T* 30 gnims of mercunc oxide I 


3 The equation indicates the 
gases concerned m the reaction — 
that if we express 

Molecular weights m 
Grains 
Kilograms 
Ozs (avoir ) 

Consequently, we can express the 
2HgO — Ort -f- 2Hg m these words 


proportions by volume of the/ 
e hare seen m the preceding section 

Volume at O' and 760 mm 
per molecular weight 
223 litres 

# 22 3 cubic metres. 

22 3 cubic feet. ^ 

«‘joo conveyed by the equation, 
432 grams (kilogratns or ozs) of 
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mercuric oxide ■will furnish 32 grams (kilograms or ozs ) of O'^gon, or 
22 3 litres (cub metias or cub ft ) of oxygen gas at 0 ° and 7G0 miu , and 
400 grams of moicuiy ” 

B'XAsn’LES —(1) Wliot volume of oxygen will bo obtained bj beating 30 grama 
of mercuno oxide f 432 grams of morenno oxide will furnish 22 3 litres of oxygen 
gofl, hence 30 grams ttiU furnish 30 X 22 3 432 = 1 56 litres of o\ygon gas nt 0 

and 780 mm pressure 

(2) Hotv much mercuric oxide ivill bo needed for 10«ub ft of oxygon gas at 
8® and 760 mm pressure ? Here 22 3 cub ft of tho gas come from 4J2 ozs of 
tnorourio oxide, hence, 432 X 10 — 22 3 = 103 ors , or 12 lbs 1 oz of morounc oxide 
[ire req'uired 


§ 9 The Relation between Atomic and Combining Weights— Valency 

Whan the formula) of inorganio compounds arc examined oi on a BUjporficinl 
observer is struck by their general symmetry Without ollonng any 
hypothesis as to tho cause of this symmotncnl groupme of tho atoms, it 
18 sufficiently owdont that such a tendency exists, and that tho combining 
po'wor of the atoms of tho attracting oloinonts is always satisflcd by the 
same number of atoms without reference to tho chemical beliaMOur of the 
uniting atoms — E FjiankiiAM) 


Observation shows that tho relative combining weights of oxygen and 
hydrogen are very nearly os 0 H = 8 1 , and that tho atomic weights 
of oxygen and hydrogen, deduced from tho atomic theory and Avogadro’s 
hypothesis, are very nearly is 0 H = 10 1 In fine, tho atomic weight 
of oxygon is tivioo its combining woiglit For carbon m carbon dioxide, 
yve have tho combimng weight 3, while tho atomic weight of carbon is 12, 
that IS, tho atomic weight of carbon is four times the combining weight 
In the case of hydrogen and clilonno, tho atonuo and combining weights 
are the same Tlio number of times tho combimng weight or equivalent 
IS contamed m tho atomic weight is called the valency of the element 


Hence, 


Atomic weight 
Combining weight 


= Valency 


Tlus means that when tho combimng or equivalent weight of an clement 
IS multiphed by an integer representing tho valency of tho element, tho 
produot is the atomio weight 

The meamng of valency can bo represented another way , for valency 
also represents a “ habit ” of in element for combination , it has nothmg 
to do with the force holding tho atoms together Tlio valency of an 
element is obtamed by finding — directly or indirectly — ^liow many atoms 
of hydrogen can combmo with or be replaced by an atom of tho given 
element. The valency of hydrogen is alw'ays taken as umty Hence the 
defimtion 'The valency of an element is a number which ex- 
presses how many atoms of hydrogen, or of other atoms equivalent 
to hydrogen, can unite with one atom of the element m 
question^ 

Nomendature — With hydrogen and ohlonno the atomio and com- 
bimng weights are the same, and tho valency is unit'y These elements 
are aooordmgly said to be univalent, or monads, for similar reasons 
oxygen is bivalent, or a dy|id, nitrogen is tervalent, or a triad, and 
carbon is quadrivalent, or a tetrad 

The valency of an element is frequently represented by attaching tho 
necessary number, m dashes or Roman numerals, to tho top right hand 
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comer of the ^^mhol for the clement, as suggested bj' ^Y Odling in 1855 
Thus, the sj^mbols H* and C1‘ respectively mean that hjdrogen and 
chlonno are umvalcnt, 0” means that oxygen is bivalent, N"‘ means 
that mtrogen is tervalent, and 0“ that carbon is quadnvalent By 
collectmg together a few compounds mth their symbols, the idea can l»o 
made clearer 


TJmvnlent Bi\alont Tcr\nlcnt Quadrivalent Qmnquovalent ScM\nlcnt 
BPCl* H„*0’i H >N“‘ 

Na'Cl* Mo"CL.‘ Fe’^Cl/ G’'0o” WTJrg* 

KT* Zn"Cl/ Mo'”Cl 3 ‘ Mo’^Cl^ Mo'^Clj* Mo’^TV 

Some heptads and octads arc known The elements generally combine 
in such a way that an equal number of \ alcncies arc opposed to one another. 

Structural, graphic, or constitutional formulse — The valency of an 
element is sometimes represented by attachmg the neccssarj’' number of 
hyphens to the s 5 ’mhol for the element This enables the molecules of 
a substance to bo represented by a land of graphic formula The symbol 
for hydrogen will have one hj’phen, ov 3 gcn, two, nitrogen, three, carbon, 
four, etc Tlie sj'mbol for hydrogen clilonde then becomes H — Cl, potas- 
sium iodide, K — I, vatcr, H — 0 — H, mcrcunc oxide, Hg=0, a molecule 
of hydrogen, H — H, a molecule of oxjgcu, 0=0 carbon dioxide, 
0=C=0, and 


H-N<| 

Ammomn 


Q^Fe=0 
^%e=0 
Feme oxide 


Mclhono 


Accordingly, the terms “bonds” or “hiiks” arc sometimes cmplovcd 
mstcad of “valencies ” ^ 

Graphic formulic arc also called structural or constitutional foimul.c 
Slruchtral fornivla: primarily asaumc iJial (he cheimcnl properlitb of a etih-? 
stance arc determined by (he arrangement of the atoms in the molecules, and 
if the molecules of two compounds of the same chemical composition 7mtct 
their atoms differently arranged, the properties of (he two compounds will be) 
different Graphic formula; are sometimes v cty^ convenient for reprcbcnting' 
the composition of compounds, but the student vould err rather seriously 
he supposes that the symbol given above for, sai, methane represents 
the way the atoms are actually grouped m the molecule of methane 
Tlus vould mvolve a leap far beyond our real knowledge In some coses, 
however, the little Imow ledge we do iiossess can be better summarized by a 
graphic formula than in any other way, and the graphic formula fuimshcs 
a clearer mental image of the curious way certain groups of atoms remain 
clustered together tlirough a complex senes of chemical changes than if 
the reaction were represented by oidmaiy symbols A gmphio formula is 
thus a land of “dummy” model to iHustrate the way a compound is 
formed, how it decomposes, and the relations het^\een ono compound and 
another The student must not bchevc for one moment that the model 
simulates reahty The remarkable work which has been done by the aid 


Tlio hjTphcnB arc gencrnlly attached so that tho graphic formula occunios ns 
little space ns possifalo I bcllo^o A S Couper first hnkiugZw boSrtlm 
^mbols of tho combining clomonlsm 1858, iind the present svslom dovolnwrl In 

*E l3Ld?18CGr“®*‘ ^ 11865), and 
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of structural formulro wiU always justify thoir uso m tho past and present, 
■whatovor future generations may think of thom.^ 

Moidmiun and active valency — Most elements have more than ono 
valency Stannous oxide has a composition corrcspondmg ivith SnO, 
and stanmc oxide, SnOo In tho former case tlio tin is said to bo bivalent, 
and m the latter, quamrivalent There are thus two senes of tm com- 
pounds — stannous and stanmc Similarly with copper, iron, etc Tliero 
are also two carbon oxides, carbon monoxide, CO, and carbon dioxide, 
CO 2 If carbon monoxide could be written 0=C=C=0, and there is 
nothing m the analysis by weight which prevents this, all might bo wdl , 
but writing tho formula in this manner wrould involve a contradiction of 
Avogadro’s hypothesis, since the vapour density of carbon monoxide 
corresponds with the molecule CO, not CoOg Wo cannot see tho ivay clear 
to admit carbon monoxide as an exception to Avogadro’s hyjKithesis, 
for that would introduce confusion mto our ^stom, and there would be 
no immediate prospect of restoring order Some got over tho difficulty 
by assuming that two of tho free valencies in carbon monoxide mutually 
saturate ono another, and wnto tho graphic formula ^=C<CU others 
assume that oxygon is quadrivalent, and write C=0 Tho case 
of sulphur bivalent m hydrogen sulphide, H — S— H, quadrivalent in 

sulphur dioxide 0=S=0 , and sexivalent m sulphur tnoxido >-0. 

fits very well mto this scheme So do tho senes of compounds lopicsontcd 
fay ethane, CjHu , ethylene, OjH^ , and acetylene, CjHj, which am respec- 
tively represented by the graphic formulTj 

5>C=C<5 H-CsC-H 
\h h H 

Ethane Etbjieno Acotvlono 

/ It has been supposed that valency is a “ fundamental property of tho 
atom which is jiwt^as constant and jnvanablo as tho atomic .weight” — A. 
KeSufir, 'and fuller that each element has a maximum valeni^ 
towards certam other elements Wlien an element in a compound 
appears to have a lower valency than its maximum valency, tho compound 
IS said to be an unsaturated compound, in contrast with a saturated 
compound m which tho atoms are oxoroismg their maximum vmlencj In 
many qnsaturated compoimds, tho valencies appear to dumTURh m pairs 
The pans of “ sleepmg valencies ” or “ latent bonds ” are supposed to bo 
self saturated. As a matter of fact, the hypothesis of tho self-saturation 

‘ The student will find vulonoy to be n useful nid in roinonibcnn^ the com 
position of compounds of different elements Given the valency of 12 olomonts, 
each of which oan form ono compound with 12 other elements of known valeno} , 
It IS possible to wnte down tho forinulnj of 144 compounds whidi would bo very 
probably m hormony with the known lows of cliomiool combmntion It would 
be SMd that MgCl is not a proboblo compound of magncsinm and ohlormo, nor is 
MgClj , the correct way of writing tho combination w atgCI Tho student should 
tlierefora remember the valency of each element ho studios , and m that vvuv, 
much that appears confused and disorderly will seem methodical and regular 
The valency of an element may bo recalled oy roforonco fo its compounds with 
other elements of known v alonoy Thus, tho ohomist does not inomonzo v alcnoios 
tbomselvra, but recovers them viheii needed bj recalling a famihtir compound or 
ooinpounds If the valency of innKiiostum were forgotten and inognesium chloride, 
MgUj, were remembered, then, if chlonno bo umvolont, magucsumi 13 hivolont. 
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of the bonds in paira bioaka doivn completely Tlie idea probably arose 
from the application of an mneourate hypothesis which is slated m some 
of the older books on chemistry m ivords like these “All chemical 
evidence bIiomb that a body with niiBatiBricd bonds cannot exist by itself.” 
All chemical evidence, as i\ o ehall sec, shows nothing of the kind Moroury 
and many other elements, when vaporized, give gases with one atom 
molecules 

The principle of self -saturation breaks down when apphed to tho 
nitrogen oxides say N"'0". Tlio relative density of tho gas (Avogadro’a 
hypothesis) wnll not let us ivnto NgOj. that is, 0=N--Ns=0 Wo 
are therefore confionted ivith what appears to bo an odd unsaturated 
valency in tho molecule — N=0 Again, molybdenum fonns a senes 
of compounds with univalent chlorine or fluorine •— MoClj, MoCl-,, MoClj,( 
MoClg, and MoFf, and vanadium forms VCU, VC1^, VClj, and VClg. In 
view of facts like these, it 18 difficult to maintain tho thesis (hat the apparent 
inconstancy of tho valency of an clement is duo to tho mutual “ saturation ” 
of pairs of volencies Either a molecule can exist with free valencies, or 
Kekuld’s maximum valency hypothesis breaks down when confronted with 
facts. 

A groat many ingenious hjTiotlicscs, more or less satisfactoi^', have been 
suggested to oxplam the difflcultics. At present wo are compelled to 
frankly admit with W Lossen (1880) and A Claus (1881) that the active^ 
valency of an element ts a variable habit of combination An explana-f 
tion of tho meaning of valency is thus loft open To distinguish between j 
the greatest valency an element is known to exhibit, and tho valency^ 
winch actually prevails m a jiartioulnr compound, tho terms maximum^ 
valency and active valency may bo respectively employed So far os 
w'c can sec, the active valency of an clement is dependent upon the^ 
properties of the atoms of the other elements with which it is com-’ 
bmed, as well as on the prevailing physical and chemical condibons^ 
to which the element is exposed Indeed, active valency has boon com-^ 
pared with friction in sofarofi it appears to bo called into play by external'' 
causes w'hich may vaiy from zero upwards. 

Effect of externd conditions on the valency ‘of an element — ^Wo 
have ]ust stated that tho valency of an element is dctcnnnied by tho 
physical and chonucal conditions under which tho element is placed For 
instance, valency generally diminishes with use of .temperature, eg, 
sulphur trioxido, SO,, when heated dissociates into sulphur dioxide, SO^, 
and oxygen , and carbon dioxide, 00^ into caibon monoxide, CO, and 
oxygen Changes m tho valency of an element are often induced by 
oxidizing or reducing agents Tiros, ferrous chloride, FeCk, is oxidized 
to feme chloride, FcClg, by tho notion of hypoohlorous acid, ilClO 

2Fo”Cl^ + HCI -1- HCIO = 2Po"'CI, + H,0 

and feme chloride is i educed to ferrous chloride by tho action of sulphur 
dioxide ^ 

^c’”Cl 3 + SO 2 -f HoO = 2Po"Cl^ + 2HCI + SO 3 

At tho same time, it wnll bo noticed, the sulphur dioxide is oxidized to 
sulphur trioxidc, + 0 == S” 0 , Hence, oxidation usually involves / 
an increase in the valency of an element, and reduction a*^ 
decrease 
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History — ^In the eaily days of the atomic theorj, atoms wore all snp 
posed to have an equal capacity for combination inth one another A\ith 
the growth of the idea of multiple proportions, and the custom of referring 
the constitution of compounds to certain types — ^HCl, HjO, HjN, H^C — 
supposed to be fundamental, the idea of valency gradually became clear, 
and it was specially emphasized by E Frankland in 1861 

Vanous terms were used fox “valency” dunng the danhcation of the 
concept — eg, “saturation capacity,” “combining capacity,” “affinity 
units,” “ affinity of degree,” “ basicity,” “ atoimcity,” etc ' A. W 
Hofmann employed the term “ quantivalency ” in 1865, and this uas 
shortened to “valency” byH Richclhaus, in 1868 Tlie term “ valency ” 
(or “valence”) is now m general use 

§ 10 Radicals or Radicles 

In 181 5, J It Gay Lussac, after studymg the properties of hydro- 
cyanic acid, reported cyanogen, CN, to be * a remarkable c\ample, and at 
present, a unique ovamplc, of a body nhich, although a compound, plays 
the part of a single body in its combinations with hydrogen and the 
metals ” Since then, a great number of similar groups have been found 
For convenience, they are commonly called “ radicals,” or, follomng the 
custom of the London Ghcimcal Society, ‘ radicles.” Tlic iiord “radical” 
ivafl previously employed by G dc Morveau and by A L. lavoisier inth a 
different meaning The deflnition a radtde is a group of atoms 
/ jwhich can enter into and be expelled from combination witliout itself 
lundergomg decomposition, is virtually that given by J von Liebig 
in 1838 Each radicle has its owoi valency , each acts as an unchanging 
constant in a senes of compounds , and each can bo replaced by an element, 
or elements, of like or equivalent a alency A few examples of radicles 
of different valency may bo quoted Monad radicles— OH CN (generally 
written “Cy ”), NO 3 , NH^ (sometimes written “Am”), CH 3 etc Dyad 
radicles— SO 4 , SO 3 , CO 3 , SiO„ etc Tnad radicles— PO^, Fc‘"Qyj, eta 
Tetrad radicles — ^Fo^Cyg, SiO^, etc In very few cases has it been possible 

to isolate the radicle, but the definition has nothing to say about the in- 
dependent existence of radicles "Radicles,” said A Kckuld (1868), “an; 
not firmly closed atomic groups, but they arc merely aggregates of atoms 
placed near together which do not separate in certain reactions, but fall 
apart in other reactions For convenience, the term radicle is sometimes 
apphed to an atom m a compound which can bo replaced by another 
atom or radicle vnthout a further change m the nature of the compound, 
in that case, the mdide is said to be a “ simple radicle ” m contrast with 
compound radicles wluch are “ groups of atoms ” 


Questions 

vS"';8«"h wSii 

^lemistr^ jNow xork 1800 C JBaskomllo and L Bastabrooko “Prft 
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“ Antliincticnl ChomiMn,” London oto V niunLcr of nritlnnctionl 

probloinH aro «tcnttorod among tUo qucMion^ npinnulod to '«nl»<oqncnt clnptots of 
thi<» book 

1 Do^cnbo o\pornnont<» winch illn<stratp the law of eombmntmn of gnsc't 
b\ \ohnnc It w»u« at one time thought that thw law waa accountotl for b\ 
aasnining that ‘ equal \olnmos of all ga‘»c'5 at the same tcmiM'rnlurt' and pros^uro 
contain tlio aamo number of alom'^ *' \Mint fact*! «>how that tlu'i luwumption i** 
moorroot * VMiat In pothews m now acccptwl T — Dtiii North 

2 State *<onu' of the facts relating to the muon of Last's b\ ^olumo State 
the law of eomhmmg \olumes Who diseoiered the law t W’hat Injwthesis 
was projwundod to account for the facta \mdcrl\ing the law ! What important 
conclusion follows from this h\pothcsis ' — Pnnerton t tut . US 1, 

3 It IS nsualh slated that the \nlene\ of an element , w hen \ nrinhle, differs 
bj two units Thus tho \alcne\ of cirbon is e\)iresswl In the numbers 
2* and 4 and of phosphorus and 5 Mention am exceptions to this law and 
discuss tfieir liearing on the Inpoflusis that the laleiiON of a body is a fixed and 
definite qiiantiti — London Unit’ 

4 A tulic contains 4fi e e of Indrogon and 20 c c of oxigen, at a tempe- 
rature of 120® C 111 what resjjccts do the contents differ from steam at the 
same teiiipcratnre T W hat effects would be ol>s>Dr\ ed on imssing a spark through 
tho mixture — Ciiiidirirfcc irnior Tocalt 

Formerly the atomic weight of oxigeii was reckoned as 100 With this 
standard calinlnto file atomic weight of Indrogcn — Coff of Preceptor^ 

0 Discuss, the question whether H =• 1 or O = 10 should bo inetl as the 
staiidanl for the atoniic weights — hoard of rduc 

7 Which of the following gases are lighter, and which are heoMer than air 
Oj CO, CHi NHj SO« H-S T Calculate the weight of 10 litres of CO; at N T I’ 
— Hoard of Fdtic 

5 Show that the simbol H-0 l>est represents the formula for water quite 
independent of the atonue tlicori Hints The combining weights of Indrogen 
and oxigcn in water are as I b . or 2 I« . etc The formula weight of a gas 
IS tho weight m grams of 22 ‘t litres of the gas at standard tenijieraturo and 
pressure This gi\cs a Nalue approaching 18 as the formula wiight of water 
Jlxiicrimeiit also giNcs 72 as the forimiln weight of oxigeii, 0* when the fornuila 
weight of Indrogon H. i= 2 is taken as the standiwl of retereneo The formula 
weight of a i oiiqiound is the sum of the sMiibol weights of the elements m the 
formula of the conipaund The combining xohmics of hjdrogen and oxigeii 
are ivs 2 1 The oiil\ possible formwln for water consistent with tliese con- 
ditions IS H-0 If the foriiiulu were HO tho equnaleiit formula weicht would 
bo 17, iflljO 17, if H, 0,20, if HO- 13 , etc 



CHAPTER V 


The Physical Properties of Gases 
§ I The Atmosphere. 

The atmospheto in which wo hio and breathe is really a part of the 
globe on whioh wo stand We are not surrounded bj mere cmot> space 
On the contrary, wo live and move at the bottom of a vast ocean of air, 
which 13 ]U8t as material as the ivater which surrounds the flat fish Imng 
at the bottom of the sso. 

The terms “ atmosphere '* and “ mr *’ are b\ nonymotts and mterchanpcable, 
but the word “ air ” is often used when reference is made to a limited portion of 
the atmosphere The word ” oir ** was formerlj used in the same cencml sense 
tiiat tlie word “ gas ” is to day Later the meaning of the word “ nir ’’ was 
narrowed to “ the ntmospliero ** The word “ atmosphere ” is denied from the 
Greek arpet (atmosj \ apour , ir^mpa (sphoim), the sphero The term *' otmo> 
sphere " is also applied to the gaseous on\o1opo or medium surrounding nn} bod> 
whatever be the nature of the gas — air owgcn carbon dioxide, oto Hence tho 
term “ ntmospheno air ’’ is often used to emphasize tho fact that “ air ” is tho 
enveloping medium 

The weight of air — ^Tlio physical properties of air were studied long 
before its chemical properties Aristotle (b c 384), in spito of his confused 
ideas on the nature of gases, considered air to bo a material substance 
which possessed weight/ and Hero of Alcvandna (n c 117) described 
some o-^ponmonta to prove that oir is a material substance For instance 
ho said "If wo invert tho open end of a vessel, having but one opening, 
in water, tho water does not enter, if a hole bo now bored m tho upper 
part of the vessel, water rushes in, and air escapes, ns may be felt, for if 
wo place our hand over tho onfice, wo perceive a rush of wind whicli is 
moving air" Galhlco Gahloi, in 1032, first demonstrated satisfnotonlv 
that air possesses weight, and ho also made a rough determination of tho 
specific gravity of nir by comparing the relative weights of equal volumes 
of air and water Bcfincd experiments show that 1 000 o c of diy nir 
weigh 1 293 gems under standard conditions — ^700 mm preasuro 0% and 
at sea level in latitude 45° Hence, tho specific gravity of air is 0 001203 
if water be umty Tlic specific gravity of air, referred to tho standard 
hydrogen = 2, is 28 76 , or vnth oxygen = 32 ns tho standard, 28 96 

The death of the hypothesis "Nature abhors a vacuum " — 
When a gloss oylmder, closed at one end, is filled with water, then closed 
at the open end with tho hand turned upside down, and tho handrcmov^cd 
while the open end of the cylinder is under water, tho water remains in 
the cyhnder Throughout tho Middle Ages, this experiment was explained 
by tho hypothesis “ Nature abhors a vacuum ” Tho nse of water m 
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pump barrels was esplamed by the same hypothesis ^Vhen it ivas found 
that "water could not be pumped higher than about 34 ft , it follow cd that 
the hypothesis required mo^hcation, for Nature’s horror of a %acuum 
obnously could only extend to the equivalent of 34 ft. of water. 

In 1644, E Tomcelh pubhshed an account of an expenmcnt which 
puTzled the philosophers of the time A glass tube — about four feet long, 
and closed at one end — was filled with mercury, the open end "was closed 
with the thumb, and the tube mverted so that when the thumb "was 
removed, the open end was immersed m mercury, Fig 21 Ho air was 
allowed to enter the tube during the operation Instead of the mercury 
remammg suspended in the tube, as would have been the case with water, 
the column of mercury fell to such an extent that its height above the sur- 
face of the mercury m the dish was nearly 30 inches, or 760 nun *■ Here 
again, Nature s horror of the vacuum at the top of the tube only extended 

to the eqmvalent of 30 mches of mercury. 

Tomcelh abandoned that hypothesis, and con- Tcrrtrrnti^ 

eluded, nghtly enough, that rte column of mercury . y 

ims mainiaxncd hy the air pressing on the surface of 

the mercury in the outer \csstl B Pascal argued ’ . — 

that smcc mercury is nearly 13^ times as heavy as | £ 

water, 30 mches of mercury will be equivalent to 34 g t 

ft of water, and he accordingly repeated Tomcelh s 

experiment -with a tube 4G ft long usmg water 

instead of me^ry. He ohtamed a column of water j 

34 ft long tl^Tien the expcrrmeiit was repeated i 5 ! 

with other hquids, he found, m every case, that \ | ^ ' 

the height of the column was mverscly as the ! I 

density of the hquid Hence, it was inferred that i 

the height of the column of mercury is a : ’ 

measure of the pressure of the atmosphere ,■ 

R, Boyle (166o} apphed the term barometer to^ « 

TomcelU’s mstrument— from the Greek Bipot ifmiai’,- 

(baros), weight , and fti-pov (metron), a measure 

La 1647, B Pascal persuaded II Pener to Fro 21— TomccUi’a 
repeat Tomcelh’s expenraent at the bottom and Expenment 
at the sumimt of the mountam Puy-de-Domc It was found that 
the mercury sank lower in the tube the higher up the mountain the 
^be was earned This proved that the air presses on the bottom of 
the mountain inore than on the top , and not, as Anstotle and his follow era 
wuld te^h, that Nature has a greater horror of a lacuum at sea level 
^an at higher altitudes Li a posthumous work, published m 1663 
Pa^l proved conclumely that off those effects, prcuonsbj attributed to 
^alures horror of a vam arc really produced by the pressure, that is. by 
teS” ^ hypothesis ‘ Hatur4 abhora a 

The pressure and weight of the air —Hio pressure of the air m anv 
given locahty vanes withm comparatively narrow limits The normd 
or standard pressure of the atmosphere is equal to the wemht a 
coluiM of mercury' of unit area, and 760 mm^high This nrossure it 
sometimes called “ one atmosphere ” It is mtrch 

height of the harometnc column to know the weight or ^ressm^ of thl 


km 


Fro 21— TomccUi’a 
Expeninent 

It was found that 
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air per unit sectional area. This corres ponds ^with a weight of 1033 3 
gQos per square centim e tre., pr 14 7 |b8..per square inch The word “ pros 
suro^ IS generally used in preference to “weight” because air, like all 
other fluids, not only presses downwards, but also equally in all other 
directions 

The extent of the atmosphere — The air gets less and less dense at 
lugher and lugher altitudes, and L Newton (1706) estimated air to bo four 
times rarer at an elevation of about 7^ miles than at sea level , 1,000,000 
times rarer at a height of 76 miles, and 1,000,000,000,000,000,000 times 
rarer at an altitude of 228 miles, “and so on ” It is therefore impossible 
to place a hmit to the height the atmosphere extends.^ At a height of 
100 to 125 miles, there is sufficient air to offer onou^ resistance to 
the passage of meteontes to raise their temperature to mcandescence 
Whatever be the height, the weight of the normal barometno column 
(per square centimetre of mercury) measures tlie normal weight of a column 
of am of the same sectional area and extending from sea level upwards. 
B Pascal (1663) appears to have been the first to calculate the total weight 
of all the aur about the globe. His estimate is approximately equivalent 
to 4,000^000,000,000,000 tons 


§ 2 The Influence of Pressure on the Volume of Gases — Boyle’s Law 


The quantity of matter m a given body is generally determined by 
weight, but it 18 often convenient, when the given body is a gas or hquid, 
to measure the quantity of matter mdirectly by volume Volumetric 
analysis is based on such measurements , and the analysis of gases is nearly 
always conducted by volume measurements The mam advantage of 
measurement by volume is rapid execution , the mam advantage of 
measurement by weight arises from the fact that the result is largely mde- 
pendent of the physical and chemical conditions of the body m question 
The weight of a gas is usually so small m companson with its volume that 
it IS generally possible to detemune the quantity of gas more accurately 
bj volume thou by weight 

The volume of a gas is very sensitive to changes of pressure VTiile 
mvestigatmg the relation betiveen the pressure p and the volume v of a 
gas, Eobert Boyle (1661) found “the pressures and expansions,” as ho 
expressed it, “ to bo m reciprocal proportions.” In othei words, the 
volume of a gas kept at one uniform temperature vanes inversely 
M the pressure This is Boyle’s Law E Manotte, fourteen years after 
Boyle s pubhcation, reproduced many of Boyle’s results as his oivn , and, 
on the Contment, the law is sometimes improperly ascribed to Manotte 

I^essures greater than atmosphenc — ^The lav con be tested m a bent 
U tube of uniform bore— Fig 22— similar to that used by Boyle « 

The shorter leg is hennetioally sealed at one end, the end of the longer 


Tolinstono Stoney’s memoir “ The Atmosphere of Planets and Satdhtes ” 
(1897), does not arrive at any definite hmit for our atmosphere, nor for the 
atmosphere of ^y other planet, but shoe's that beoauso the molecules of some 
gases attain ce^in high lelcwities, these gases are able to csoapo from tho 
utinospliores of tho earth and the other planets (see p 166) 

♦ 1,0 modified forms of this apparatus have been devised for testmg 

or foTthe lerture'table*'^*^ iiork in student's “ first year ” laboratories 
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leg IS open Tlio tube can bo graduated by living bits of guninicd papci 
at definite distances Mcrcuiy is poured into the longer leg so as to fill 
the bend and leacli to the same height in both legs It may be necessary 
to tilt the apparatus a little to expel a few 
bubbles of air from the shorter leg Head the 
volume of gas confined in the shorter leg Sinco 
the level of the mercury is the same m both 
limbs, it IS assumed that the pressure on the 
surface of the mercury on both sides of the 
U-tube IS the same There is a picssure of 
one atmosphere on the mercury in the open leg, 
hence also there is an equivalent pressure of one 
atmosphere in the mercury m the closed leg 
A pressure of one atmosphere is equivalent 
to about 30 inches of mercury, or 760 mm of 
mercury In reality, the pressure is equivalent 
to the height of the mercury barometer at the 
time of the experiment Pour a little incrcury 
mto the open leg Tlic gas confined in the 
shorter leg dimimshes in volume It is ca^ to 
prove that no gas has escaped from the shoitcr 
leg, and consequently, the gas m the shorter leg 
has been compressed, or is moio closely packed 
than before In other -words, the concentration 
of the gas per umt volume is increased by the 
pressure The difforcnoo in the levels of the _ n i * 
mercury mtho two legs plus the pressure of the HjnlTrrcMurc^s " 
atmosphere represents the pressure on the gas m “ 

the short leg More mercury may bo poured in the longci leg, and lliub a 
senes of numbers arc obtained representing the pressuio and the Aolumo 
of the gas in the closed hmb ^^^lcn Bojle had poured sufficient mercury 
m the longer leg to reduce the volume of the gas in the shortci leg onc-half 
he said “ when wo cast our eye on the longer leg, vo observed, not wthout 
dehght and satisfaction, that the quicksilver in the longer part uas 29 
inches higher than in the other ’’ In other words, the volume u as diminished 
one half -a hen the pressure was doubled by superposing on to the ordmaiy 
pressure of the atmosphere, the pressure of a column of mercury 29 mches 
long and equal to the picssure of the atmosphere at the time of the 
e-vponment. 

To illustrate Boyle’s impoi-tant generalization, imagine 12 litres of a 
gas confined m a cyhnder closed by a gas tight piston free to shde up and 
down the cylinder -without faction Suppose further that the gas supports 
a weight of one atmosphoio on the piston, A, Fig 23 If another equal 
weight be placed upon the piston, B, Fig 23, the gas wll bo compressed 
until it occupies a volume of six litres , another atmosphere pressure, G, 
Fig 23, iviil reduce the volume of the gas to 4 litres , and btill another 
atmosphere pressure, 1), Fig 23, -will icduco tho volume of the gas to 
3 htres Collecting all these results mto one table, wd see that 



Prosauro 1, 3, 

Voluino 1 2, fi, 

Product pv 12, 12, 


3, 4, 0 iitinosphorcs 

4, 3, 2 litres 

12, 12, 13 
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The law of Boyle may therefore be expressed another waj The product 
of the pressure and the volume of a gas kept at one uniform tempera- 
ture IS always the same. Or, 

pv = Constant 

The numerical value of the constant, of course, depends upon what umts 
are selected for representing the pressures and volumes. Pressures may be 
expressed m atmospheres, millimetres of mercury, pounds per square 
mch, etc , and the volumes m htres, cubic centimetres, cubic feet, etc. 

Boyle’s law assumes yet another guise If be the pressure of a 
gas ocoupymg a volume I’l , and p the pressure when the volume is v. 



A B C D 


Fig 23 — Diagrammabc lllastration of Boyle’s Law 

then, smce the products and pt are equal to the same constant they 
are equal to one another Consequently, 

pp = PiVi 

If any three of these magnitudes be ^own, the fourth can be calculated 
directly 

Exawpue — X endiometer holds 4 5 litres of gas when the harometei read 
755 nun tVhat will be the i olome of the same b^y of gas when the barometer 
stands at 760 mm. T Here pi=755, r,=4 6, p=760, hence, r=4 47 htres The 
most common problem is to calculate — ' reduce ” — the volume of a gas at any 
observed pressure to the correspondmg volume at normal pressure 760 mm 
Given 4 5 litres of gas at 755 mm pressure, there is no need for anv formula to 
calculate the correspondmg volume at 760 mm The pressure 760 mm , is greater 
than 755 mm , hence the ^olnme will be less, hence multiply 4 5 by the fraction 

and the re^t is 4 47 htres 

Pressures less than atmospheric. — ^Boyle diowed that the law holds 
good at pressures less than atmospheric Boyle used an arrangement 
similar m principle to that illnstratea m Fig 24. Some mercury is poured 
mto a narrow tube which is closed at one end, and open at the other 
The open end is closed by the thumb and mverted m the tall cylmder of 
mercury The narrow tube is raised or lowered, and the volume of gas 
confined m the narrow tube as well as the difference m the levels of the 
mercury m the narrow and m the wider tube read at the same time. We 
can recognize the pnnciple of the U-tnbe, Fig 22, m this apparatus. 
Fig 24. The pressure on the mercury m the wide oyhnder is one atmo- 
sphere, and the pressure of the gas m the narrow tube is one atmosphere 
less the pressure of a column of mercury equal to the difference m the level 
of the mercurv m the two tubes 

Measuring the volumes of gases — This arrangement lUustrates a 


Itfjvs 
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problem wbich arises very often when the volume of a gas, collected over 
mercury, is to be measured. If the pressure of the atmosphere is 7G0 mm , 
and the difference m the levels of the mercury m the gas jar and in the 
pneumatic trough is 66 cm , it follows that the pressure of the gas in the 
narrow tube is 760 mm less 660 mm = 200 mm 
Whenever practicable, of course, the mercury inside 
and outside is brought to the same level before the 
gas 18 measured. 

Suppose that the confining hquid is water, not 
mercury. Water is frequently used when the gases 
are not appreciably soluble m that hquid Suppose 
that the eidcmal pressure is 760 mm (barometer), 
and there is a difference of 10 cm between the level 
of the water confinmg the gas, and the level of the 
water exposed to the air The weight of 10 cm of 
water is not the same as the weight of 10 cm of 
mercury Mercury is 13 65 times as heavy as water, 
hence, a 10 cm. column of water is equivalent to the 

weight of a column of mercury or 0 74 cm, or 

7 4 mm high The pressure of the gas is therefore 
760 — 74 = 762 6 mm. But water vapour everts a 
defimto pressure, and a still further r^uction must 
bo made if we want the pressure actually due to 
the gas and not to the mixture of vapour and gas. 

This will bo mvestigated later 

Test for the equilibnum of gases — ^If the gas bo 
confined under such conditions that the product pv 
at any fixed temperature is not constant, the system 
•will not be in a state of equihbnum If the piston, 
referred to m Fig 23, supports a weight of 6 atms. 
the gas must occupy a volume of 2 htres, if not, 
the gas -will expand or contract until the product pv lo’e Law 

satisfies the test. Boyle’s la'w describes the necessary ProBsuns 

condition for the volume and pressure of a gas to be m a state of equili- 
brium In practice there is no such thmg as a fnctionless piston, and if 
Boyle’s law was to bo tested m a real lyhnder an allowance would have to bo 
made for the friction of the piston by putting an extra weight on the 
cylmder The friction thus corresponds to what J W. Gibbs (1876) 
caUed the passive resistance of a system to assume a state of cquihbmim 
The nature of the passive resistance can here be recognized, but in some 
cases we feel sure that something analogous retards the movement of a 
tystem to the condition called “stable equihbnum,” although we know 
nothing of the character of the passive resistance or the hysteresis— 
from the Greek berrepiu (hystereo), I mg belund— w'hich opposes the 



§ 3 Deviations from Boyle's Law. 

^ pressures used by Boyle extended over a mngc vaiymg from 
i mercury It is hazardous to infer that iScaSso tlm 
product pv IS constant over a limited range of pressures, it w-ill remain 
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oonsfcant for pressures widely different from those aotually moosnred 
The method of measurement used by Boyle, excellent for its time, is non 

considered somewhat crude Many 
careful investigations have been made 
to find if the simple lau of Bojdc cor- 
rectly describes the behaviour of gases 
at pressures far remo\cd from the 
normal pressure of the atmosphere 
— ^7C cm of mercury TIio general 
results sliou that no two gases behave 
precisely in the same way The do 
stations for many gases are insignifi- 
cant With most gases, the con 
centration incresses more, that is the 
1 olumo increases less than Boyle’s law 
describes , and at high pressures, the 
concentration increases loss, that is the 
volume increases more than Boyle’s 
law indicates Tins is illustrated bj 
plotting Boyle’s law Boyle’s law, when graphed, furnishes the continuous 
curve showm in Fig 25 Tins curve is a rectangular hj^crbola Tlie 
deviations with nitrogen from this ideal condition are in^catcd bj the 
dotted line m the same Fig 25 According to Bojlc’s law, the \ olumo of 
a gas should diminish 
indefimtely as the 
pressure is inorcascd, 
and in time the 
volume would ap 
• prooch zero, that is 
absolutely nothmg 
This IS absurd Pres- 
sure can only dimmish 
the space between the 
molecules and not the 
actual substance of 
themoleoules. Hence, 
if b denotes the 
“ volume ” occupied 
by the molecules, the 
changes m the volume 
of the gas with vana 
taons of pressure will 
bo represented by 
p{v — b) = constant, 
not bypu = constant. 

It does not follow that b represents the actual volume of the space 
occupied by the matter m the molecules This subject is taken up later 
The effect of the “volume” of the molecules on the oompressibihty 
of a gas was recognized by D Bernoulli, 1738, by JL W Lomonossoff, 
1750 , by A. Dupr6, 1865 , and by J D van dor Wools in 1872 

E H. Amagat, 1893, ^oived that while the product pv remains fairly 



Fio 20 — ^Fressuro pv curves (Amagat) 
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constant at low pressures for many gases, the f 

m a remarkable manner as the pressures mcrca^ m magnitude Amag 
measurements for carbon dioxide show that when 

1 KO 100 126. 160, 200, 600, 1000 aims 

?. i; o 5 »’. oiS: ot o 4 i: o™, 102, .si 

Notice how the product pw at iii-st diminishes in magnitude and then 
steadily increases This is brought out very clcaily on plotting the 
numbem If the products pv wcio constant foi all values of p, wo should 
got the straight Ime, dotted, and marked ideal gas line J’S ^ 6 , 
wth carbon dioMde, honevor, the curve descends below the lor an 
ideal gas, and then steadily rises, passing above tho ideal gas hnc nhen 

the pressure is nearly 500 atmospheres. 4. „„„ 

Tho curves for hydrogen and helium, at ordinary tempcraturia, do not 
descend below the ideal gas line, but take a path resembling tho 
hnc shown in Fig 26 Honever, even these gasM exhibit tho same pwuliar 
behaviour at lower temperatures Thus, vith hydrogen at -140 , the 
product pv reaches a minimum when the pressure is about 26 atmospheres , 
at -195°, 46 atmospheres , and at -213^ 51 atmospheres It was once 
thouelit that oxygen behaved in a pecuhar abnormal manner at a pre^iic 
of about 0 7 mm of mercury, but some careful measurements by Lord 
Rayleigh indicate that the statement is probably based upon a mal- 
obser\'ation To summarize — 

(1) \Vith small pleasures, tho product pv decreases with incx easing 
pressure showmg that the \olunic uith increasing pressure 
IS less than is described by Boyle’s law 

(21 With large pressure<», the product pi? increases with increasing 
pressure, shoivmg that the ^olume -noth increasmg pressure 
li greater than is described by Boyle’s law. 

(3) All gases, m consequence, show 0 minimum a alue for the product 
pv The pressure corresponding wtb the minimum depends 
on the nature of the gas and on the temperature Tlie minimum 
is less pronunent with the more permanent gases * than ivith 
the more condensible gases 


§ 4 Dalton's Law of Partial Pressures. 

When two gases, which do not act chemically on one another, under 
the conditions of the experiment, are brought together, tho gases mix ; 
mtimately, by diffusion, so as to form an homogeneous mixture Further- ! 
more, John Dalton (1S02) found that each gas seemed to exert tho same 
pressure as if it occupied tho space alone, and tho total pressure of the 
mixture of gases was the sum of the several pressures duo to each gaseous 
component of the mixture If P be employed to denote the total pressure 
and Pi the partial pressure exerted by one of tho gases, and pj tho partial 
pressure exerted by the other gas, Dalton’s discovery means that 
P = Pi +P 2 In wrords, m a mixture of gases which exert no physical 
or chemical action on one another, each gas exerts the same pressure 
as if it alone occupied the entire vessel, and the total pressure is i 

1 Oases which " obey ” Boyle’s and Charles’ Laws under ordinary atmo 
Bphenc conditions usually remain gaseous at comparatively Iom tcin^ratureg 
and are accordingly called permanent gases 
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jUie sum of tiie partial pressures due to each gas This is Dalton’s 
law of partial pressures. It is independent of Boyle’s law, and can be 
extended to mixtures of any number of gases. 

Example. — Moist hydrogen gas is confined over water under a pressure of 
760 nun of mercury at 10'’, the partial pressure of water i apour at that tempera 
ture 13 9 2 mm. of mercury Then from Dalton’s law of partial presures it 
follows that the hydrogen gas itself is under a partial pressure eqmi alent to 760 
le^ 9 2, or 760 8 mm of mercury 

It IS highly probable that the molecules of nearly all gases exert some 
attractiye influence on one another, and the gases wiU, m consequence 
of this physical action, “ deyiate ” from Dalton’s law to an extent dependent 
upon the magmtude of the mtermolecnlar attraction Many mixtures of 
gases show shght, but marked deviations from the law c.g carbon dioxide 
and sulphur dioxide , hydrogen with air and with mtrogen, etc Accord- 
ingly, the theoretical results agree more closely with the observed results 
when an allowance is made for the effect of the attraction of the molecules 
for one another 

The law has been apphed to test if chemical action occurs on mixing 
certam gases, e.g , to find if any sign of chemical action occurs when mtno 
oxide (NO) IS mixed with mtrogen peroxide (NO ,) resultmg m the formation 
of mtrogen tnoxide (NgOg) It is assumed that if no chenucal comhmation 
takes place, the mixture will obey Dalton’s law, and conversely In cases 
hke this, it IS assumed that the molecules of the two gases exert neither 
attractive nor repulsive forces upon one another If they did, the test 
might lead to wrong conolusions with respect to chenucal action, A 
shght contraction, for mstanoe, nnght be evidence of molecular attraction, 
not of chemical comhmation. 

§ 5 The Laws of Nature. 

W o must confess that physical laws have neatly fallen off m digmtv No 
long time ago they were quite commonly described os the Fixed Laws of 
Nature, and were supposed sufficient m themselves to go\ em the umveise 
Now we can onli assiCT to them the humble rank of mere descriptions, 
often erroneous, of smulanties which we beheve we hat e discovered H. 
PowriNG 

This IS a convement place to further emphasizs the meamng of the 
term “law” mchemistiy It is of course absiud to say that Dalton’s law or 
Boyle’s law mxisl be obeyed, implvmg that these laws are commands imposed 
upon gases which they are compelled to obey “ Law ” is a useful term which 
the careless sometimes personify It is employed by scientific men, purety 
m a metaphorical sense The term has led to some confusion, and it 
would be replaced by another word, if we could think of a better The 
German eqmvalent — Gesclz, statute — is perhaps worse As mdicated 
previoudy, the term ‘ law of nature ” is apphed to a comprehensive 
generalization which “ methodically and Qrstematicallv describes certam 
natural phenomena ’ The laws of chemical and physical phenomena 
are collocations of those circumstances which have been foimd by 
experiment and observation to accompany all chemical and physical 
changes included m tiie statement of the law The test of the “ law ” 
IS that the statement holds good mthout exception The common meamng 
attached to the saying, “ The exception proves the rule,” is wrong, and 
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it IS an instance of confusion arising from the double meaning of vrords 
In the old Latm form Exceptto probat regulam, the u ord *' probat ” means 
“tests,” just as to-day, “proving mnes” means testing them The 
proverb therefore meant that the exception tries tests, or proves the 
rule, and if the exception cannot be explained, then the rule breaks douTi, 
for the exception ^sproves the rule When the exact conditions are 
set up, the law desenbes the phenomenon ivitliout variableness or 
shadow of turrung The law is then regarded as an objective power 
This power is called a force, and further, the force is said to be the 
cause of the phenomenon . Tlius gravitation is regarded as an attrac- 
tive force causing one particle to attract every other particle m the 
umverse ; chemical affinity is regarded, m this sense, as a selective force 
which causes certain substances when placed in contact to undergo chemical 
change If therefore w c find a gas deviating from Boyle’s law, or a mixture 
of gases “ disobeying ” Dalton’s law, the alleged laws may be false, incom- 
plete, or imperfect dcscnptions, or some perturbing mflucnco is at work 
wluch masks the simple phenomena described by these laws 

§ 6 The Influence of Temperature on the Volume of Gases—Charles’ 

Law. 

In 1790, Joseph Pnestlev concluded “ from a very coarse experiment ” 
that “fixed and common air expanded alike with tlio same degree of 
heat ” and J L. Gay-Lussac, in 1802,* quoted some experiments in support 
of the broader view The same nse of temperature produces in all 
gases the same mcrease m volume, provided the pressure be kept 
constant This law is designated Charles’ law, in honour of J A C 
Charles, who, accordmg to Gay-Lussac, made some crude experiments on 
the subject fifteen years before Gay-Lussac’s pubhcation Some call this 
relation “ Gay-Lussac’s law ” 

The mcrease m volume which occurs when one htre of nitrogen at 0° is 
heated m a suitable vessel is shown in the foUowmg table (R. Chappius, 


Tomporatnro e® | 

1 

Volume V litres 

Expansion per litre 
per degree 

0 

1 00000000 


10 

1 00307781 

0 00036778 

20 

1 00736300 

0 00030776 

30 

1 01102876 

0 00036*’76 

40 

1 01470244 

• 

0 00036737 


j-ne numbers m the last column— called the coefficients of thermal 

volume V of a litre of nitrogen, wdicii 
Si + represented ^Jry closely by the c^icssion 

(1 -f- 0 0036/ 00) hti-cs In other words, nitrogen increases 0 003G76 
or very nearly -yl-y part of its volume at 0° for ciery degree rise of 

* Jolm Dalton published nn account on sninn 
bm Dalton’s statoSicnt of tl.o action of heat S nol^qm?o nnhT 
had an inkling of this law in 1702 quivo rigiit. G Ainontons 
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temperature More generally, il «. be used to denote the volume of a gas 
at 0°, we have, instep of the precedmg expression. 




273 / 

This 18 very nearly true for most of the eomnion gases, and it therefore 
represents a eondition of cquihbnum which must be satisfied by the 
temperature and volume of a gas, under constant pressure, m order that 
the ^stem may be in stable oquihbnum. 

R^e soli^ and hquids have their own oharactenstio ooefiSoient of 
expansion, gases have nearly the same ooeffioient of thermal expansion. 
This 18 the meamng of Charles’ law The eoeffioients for the gases run 
somethmg like this — 


Air 

Hydrogen 
Carbon dioxide 


0 003B66 
0 003667 
0 003688 


These numbers are close enough to “ ” for most practical purposes. 

In general, the more easily a gas is liquefied, the greater the deviation 
from the constant 0 0036G5 found for air — ^witness carbon dioxide. 



-300 -WO W 

Fio 27 — Graph of Charles’ Law 


300 °G 


By plotting the above equation, wo got the curve shown m Fig 27 
If the temperature bo less than -273% the gas would have a negative 
volume, that is a volume less than nothmg I If the temperature bo 
,*-273'’, the gas would occupy no volume ' It is impossible to imagme a 
/substance occupymg no space, but such is a logical conclusion from Charles’ 
law IVhere is the fallacy 7 Whenever a natural process is represented 
by mathematical symbols, it is well to remember that the artificial state 
ment often expresses more than actually obtains m nature, because, in 
the physical world, only changes of a cortam land occur We must thero- 
foro limit the gonerahiy of the ma^ematical expression Charles’ law 
includes a simplifying assumption f^e apparent volume of a gas may 
bo resolved into at least two parts (1) the " volume ” occupied by the 
molecules of the gas , and (2) the space between the molecules Although, 
for the sake of simphoity, wo assume v is employed to represent the Mat 
mnmt OMupicd by the gas, m reality t> should refer only to the space 
between the molecules, and in that case, the conclusion that v = 0 when 
the temperoturo is —273® ini olves no absurdity Moreover the gas would 
hquofy before the temperature -273® was attamod, and tho simple gas 
law of Charles would not then bo applicable ^ ^ 

Tho tomperaturo -273® C is supposed to bo a hmitmg temperature- 
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the nadir or loirest possible temperature Hence, it is sometimes 
the absolute 2 ero , and temperatures leokoned from this zero are callra 
absolute temperatures On the absolute scale of temperatures, 0 0 
will be 273® abs If T bo employed to denote the temperature on the 
absolute scale, and 6 the temperature on the centigrade scale, we have 
T = 21^ + B Hence, we see that if v be the volume of a gas when the 
absolute temperature is T, and the volume vlicn the temperature is 
T^f wc get, from the preceding equation, 

V _ Vi 
T Tt 

which IS but another way of statmg Charles’ law 

§ 7 The Combmed Influence of Temperature and Pressure on the 

Volume of a Gas 

Accordmg to Boyle’s law, the volume vanes mversely as the pressure ,| 
and accordmg to Cliarles’ law, the volume vanes directly as the absolute’ 
temperature, then it follows ^ at once that when both temperature and 
jiressure vary, the effect on the volume mil be given by the equation 

pv = JRT 

where R is the constant of proportion — ^generally called the gas constant 
This important relation is sometimes called Clapeyron's equation Tlie 
same result can be expressed another uay If p, v, and T respectively 
denote the pressure, volume, and absolute temperature of a gas under one 
set of conditions, and pj, and Tj the pressure, volume, and absolute 
temperature under another set of conditions, then 

T~ 

This formula is used a great deal m calculations mvolvmg the variations 
in the volumes of gases owing to variations m temperature and pressure 
For instance in reduemg the volume of a gas at any observed temperature 
and pressure to the corresponding volume at normal temperature and 
pressure —0° C and 760 mm. pressure — often represented by “ n p t ”, 
or “I?'PT”,or»STP.”,or“ST,SP” 

— ^If a pas raoaaurcs 170 c e at a pressure of 736 mm mercury, and 
o temperature of 16°, what is the volume of the gas at normal tomperatufo and 
pressure ’ Hero it is required to find v in tlio preceding formula where p = 7C0, 
2* = 273, Ti = 288, t>, = 170, and pi = 735, hence,v = |i| X X 170 = 166 See. 


§ 8 Deviations from Charles’ Law 


We have already seen that the coefficients of thermal expansion of 
all gases are only approximately the same Tlio coefficients for the 
individual gases differ a httle among themselves as indicated above 
The variation in the coefficient of thermal expansion at temperatures and 
pressures, not far removed from normal atmospheric temperatures and 
pressures, is not very marked, and for regular gas calculations can be 
Ignored It remains to indicate the variation, if any, in the coefficient 
of thermal expansion with large variations of temperature and pressure 


It IS shown in olementary toxt*books m algobra that wlicn x vanes in\ ersolv 
as y, and * v ancs dirocUy os z, then xy = /z whore L is the constant of proportion 
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I The uifluence of pressure — ^Tho coefficient of expansion of most 
gases IS increased by augmenting the pressure of a gas until a maximum, 
value IS attained, after that, the oooffioient diminishes with increased 
pressure. For instance, E ^ Amagat (1803) found that tho coeffioicnts 
of expansion of carbon dioxide at temperatures between 60® and 60® 
assumed tho following values — 

Pressure 30, 60, 126, 200, 600, 1000 atm 

Coefficients 0 0060, 0 0086, 0 0410, 0 0086, 0 0033, 0 0018 

/ Carbon dioxide thus shoirs a marked \anation in the coefficient of thermal 
expansion at high pressures In agreement with these facts, the co 
efficient also diminishes as the pressure is reduced oven so low os 0 077 mm 
of mercury The vanation is not so marked with gases like mtrogen, 
oxygen, and hydrogen which are not easily condensed to tho hquid con 
dition Tho value of p which furnishes tho greatest coefficient of thermal 
expansion is that same value of p wluch gives tho minimum product pv, 
p 81 At ordinary temperatures, therefore, hydrogen and helium do 


I 00 



300 


Pro 28 — Amnwt’s Curves for Carbon 
Dioxide 


not cxlubit this variation in tho 
value of their coefficients of ex- 
pansion With those gases, tho 
coefficient of expansion steadily 
diminishes with increasing pressure 
2 The influence of tem- 
perature. — Tlie maximum value 
for tho coefficient of expansion 
with increasing pressure just m 
dicatod becomes less and less as 
tho temperature is raised and finally 
, disappears So docs the minimum 
^ value of tho product jw become 
less and less marked as tho tem 
, , perature is raised Tlie gradual 

flattening ’ of the carbon dioxide curves as the temperature rises from 
40® to 100® IS brought out very clearly m Fig 28 Wo have seen p 81, 
that all gases exliibit tho minimum value for pv Tho pressure required for 
the minimum depends on tho tomperaturo as well ns on tho nature of tho gas 
The minimum is most marked when the gas is near its critical temperature 
(p 81) If tho temperature is much above tho oritieal temperature, 
^ very small — ^wuth hydrogen tho minimum is inappreciable 
OT 0 ^Rg 26 All other gases show a minimum at ordmary temperatures 
Hence, Regnault, who discovered this phenomenon, was led to say that 
hydrogen is a gaz plus que parfait ” But hydrogen also shows the 
minimum at reduced temperatures as mdioatcd on p 81 

9 Methods for Measuring the Vapour Densities of Gases and 
Volatile Liqiuds and Solids 

Since determinations of molecular weights are usually mode to decide 
betw^ quantities widely different, nunor corrections, necessary for 
required. For instance, if chemical analysis showed 
that the molecular weight of a compound is some multiple of 20, then a 
molecular weight of 83, by vapour density methods mdicates that 
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4 X 20 = 80 IS the molecular Aveight of the body Corrections for the 
expansion of gloss with temperature, the deviation of the weight of a 
cubic centimetre of water from one gram , the deviation of the vapour 
from a perfect gas m calculating the volume at normal temperature and 
pressure, etc , may be neglected 


L Gases at Okdikaky Temperatures 


In measunng the relative density of a substance which is gaseous at 
ordmary temperatures, a large gas balloon of knoivn volume v is counter- 
poised on the balance by a similar second balloon of approximately the 
same volume so as to chminatc corrections necessary for tlio buoj'ancy of 
the air By repeated exhaustions and re fillings the balloon is fiUed mth 
the gas Under mvestigation The temperature and pressure arc rcsiicctivcly 
t and p Let lo denote the difference betivcen the weights of the full and 
empty balloon The volume Vg of the gas at 0“ and 760 n-nn pressure is 
calculated m the ordmaiy manner p 85 : 


Vq — v. 


273 


01 


»o = 0 3592-|e. 


( 3 ) 


760 273 + r ” 273 + . 

The corrections needed for veiy exact density determinations need not be 
here considered since they do not affect the general pnneiple Prom 
Avogadro s hjTiothests the molecular weight of a gas represents the weight 
of 22 3 htres of the gas if hydrogen = 2 be taken as the standard Con- 
sequently, if 10 grams of a gas occupy v, c.c at 0® and 769 mm pressure, 
22,300 c 0 will weigh 22,300 to — v, grms , and this represents the molecular 
weight, or the relative density of the gas, hjdrogen = 0 


ExMipiit — 585 C.C ot carbon dioxide incasurctl at 18“ and 750 intn pressure/ 
weighed 1 076 groin Wint is tho molecular weight of tlio gas 7 From C)), tlio ' 

M 300^ 07^™ 640 g ^ « c Honco, tho molecular weight/ 


XL SoiADs ako Liquids wtiich cak be Vaporized wttiiout 

Decoxipositiox 

A From the Weight of a Knoion Volume of the Vapour 

(1) J. B Dumas' process (1826) —A hght glass bulb. A, Fig 29, betweeu 
100 and 200 cc capacity is weighed, and from 
6 to 10 grams of the compound under investiga- 
tion are mtroduced into the bulb By means of C - 
a suitable clamp, D, the bulb is fixed m a suit- 
able bath, B, at a constant terapemturo 20“ to 
30“ above the boiling-pomt of the compound 
under investigation The compound vaponzes, - 
and when its vapour ceases to issue from tho ” 
neck, G, of the bulb, the tube is sealed at C by 
means ot a blowpipe with a small flame Tho 

temperature of the bath at the time of sealing is - — --r-i T~r ~ 

tho average between the two thermometers T , ^ 

tho harometne pressure is read at the same time* Vapour 

Tho bulb IS then cooled, cleaned, and w'oighcd Apparatus 

^0 volume of the bulb is now determined by breaking the tip G 
of the nock under w'otor or mercury, and weighing the bulb w-hen full 
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of Lquid ^ Tho difference between the full and empty bulbs gn es the 
amount of hquid m the bulb The apphcation of the data can bo best 
illustrated by example 

Example — The following data wore obtained for vanadium tetraohlondo. 

vea^ 

Weight of globe filled with air (9®, 780 mm ) 24 4722 grams 
Weight of sealed globe (0“, 760 mm ) 26 0102 grama 

Temperature of bath when sealmg the globe 216° 

Barometer when sealmg tho globe 762 mm 

Weight of bulb full of water 194 grams 

The globe held 194 less 24 4722=160 6 grams of water at 0* This represents 
very nearly 160 6 c c of water, or the capacit> of the globe is 160 6 o c The 
apparent -n eight of the substance at 0° is 26 0102 - 24 4722 = 0 638 grom Tho 

empty globe was buoyed up, dur 
mg weidung, by its own bulk of 
air at ^ and 762 mm , and smee 
1 0 c. of air at N P T weighs 
0 001203 gram, 160 6 o c of air at 
9° and 762 mm weigh, ot N P T 
(0 001293 X 169 6 X 273 X 762) w 
(760 X 282) = 0 213 gram This 
added to 0 638 gram, gives 0 761 
gram, the weight of tho vapour m 
theglobeatthetimeof sealmg The 
0 761 gram of vapour occupied 
160 6 CO at 215° and 762 mm 
pressure, or 05 10 o c at 0° and 
760 mm pressure Hence, 22,300 
0 a of vapour at normal tempera- 
ture and pressure weigh 176 1 
grams This number also repre 
Bents the molecular weight of 
lanadium ohlonde 

The objection to Dumns’ 
process is tho amount of 
material required to dnvo out 
the air from tho bulb This 
waste 18 avoided in tho two 
_ succeedmg methods — Hof 

10^ bodies volatilizing at high temperatures ^ ^ 

( 1868 ) —Tbe u a moiMiaitioii ot on 

mth a jacket through which the v^our of a 

boihng^omt of thrSoSid 

the mei^rv'^^nT’the^^*^ ascends to the upper level of 

pmssSr Se Column ^ vaporized under a reduced 

pressure Ihe volume of tho vapour is read when overythmg is in 

of the vapour ■''’ill”^^*o™id*^’the°TOlume'^^^^ Tif volume 
residual air , and tho wenrlit of tlm vannli?,® volume of the 

of a quantity of air at t and p of tho^Mn^ w**® i'**® phw the buojanov 

vapour ana p 01 tho second weiglimg, equal to the volume of the 



Pio 30 — Hofmann’s Vapour Density 
Apparatus 
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eqiiilibnuin , the height of the barometci , and the temperature of the 
apparatus are also rcad 

ExA^iFiiE — The follow me data w oro obtained for carbon t-olraclilondoi COIi 

nno/v 


Weight of hquid in bulb 0 3380 grm 

Volume of vapour 109 8 c c 

Temperature of vapour 99 6® 

Barometer 746 9 inm 

Height of mercury m tube 283 4 mm 


The pressure of the \ apour, as we shall see ven shortly, is the barometric height 
less the height of the column of mercury in the Hofmann’s tube, that is, 740 0 •— 
283 4 = 403 5 mm Hence, 0 3380 gram of \ apour at 90 6“ and 403 6 mm pressure 
occupy 109 Sec, and 40 09 o c at 0® and 700 mm Hence, 22,300 o o of the 
vapour at normal temperature and pressure weich 163 0 grams, and this number 
representa the molecular weight of carbon tetracnloridc 

Hofmann s process is useful when only a small amount of the substance 
IS available for a dctcrmmation , and for substances tthich decompose 
when heated at a temperature m the vicinity of their boihng point at 
ordmary atmospheric pressures 


fuAc 


B From the, Vohme of a Known Weight of the Vapour 

7 Meyer's process — V and C Mc 3 'cr (1877) described an elegant and 
simple method of finding the volume of a vajiour by mcasurmg the 
volume of air displaced by a 
given weight of the substance 
vaporized in a smtable vessel 
Tlie following is a modification 
of Meyer’s process A bulb — 
about 200 c c capacity — has a 
long neck fitted ivith a side tube 
leading to a gas mcosunng 
burette, B, Fig 31 An arrange- 
ment, A, is fitted to the long 
neck so that when A is turned 
half a revolution, a small 
stoppered bottle — shown on an 
enlarged scale at ir. Fig 30 — 
can be diopped down the long 
neck into the heated bulb, w'hich 
has a httle gloss wool or asbestos 
on the bottom, so that the f alhng 
bulb w lU not breaktho apparatus 
A three-way cock, D, is turned so 
as to connect the bulb wth the 
air The inner chamber is heated 
by the vapour of a substance 
placed m the vapour jacket 
The substance m the vapour 
jacket E is chosen so that it 
boils 20° or 30° above the boil- 
ing-pomtof the compound under 
mvestigation The vapour jacket, E, is protected in turn by a metal jacket, 
F men everything is in position the mercuiy in the gas burette at zero , 
the temperature of the vessel constant, and the bulb at A, containing a 



Fio 31 — HcjfOr’s Vapour Density 
Apparatus 
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■woighcd amount of tho compound under mvestigation, is ready to bo 
dropped mto tho mner chamber, the three way cock connectmg tho bulb tube 
with tho atmosphere is turned m order to connect the apparatus with tho 
gas burette The tube IT is dropped from A The vapour of the compound 
displaces its own volume of air, and the displaced air collects m the gas 
burette. When air has ceased to collect m the gas burette, and tho 
mercury m the levelling and measuring tubes is at the same level, tho 
cock IS closed When the gas burette has had tame to attam tho tern 
poraturo of the room, the mercury m the measuring and levelling tubes is 
agam adjusted to tho same level, and the volume of air which has ooUcoted 
in the burette is noted. The temperature and the barometer aro read at 
tho same time. 

Example — Tho vapour density of water was dotennined, and tho following 
data woro obtained Xylene, boiling at about 138“, was used m the hot jacket E — 

Weight of water in the stoppered tube TT 0 0102 gram 

Temperature of gas m burette 16 6“ 

Barometer 703 8 mm 

Volume of gas 16 6 o.c. 

Tho 10 6 c o of vapour at 16 6° and 703 8 mm becomes 14 406 o c at 0“ and 
760 mm Tlus is the volume of 0 0102 gram of vapour Hence 22,300 c c of 
the vapour will weigh 16 7 grams This number represents the molecular weight 
of water vapour 


Questions 

1 State how the volume of a gas is related to temperature and pressure. 
Describe experiments m illustration of your answer A gas measures fne htres 
at 20“ C , and 770 mm mercury pressure What will be its volume at 6” C , and 
tmdor a pressure of 760 mm of mercury t — Aberdeen Umv 

2 A barometer tube has some air m the roaoe abo\e the mercury The 
height of tho column is found to be 201 mohes when it ought to be 30 mohes and 
30 when it ought to be 31 What ought it to be when it reads 20 1 — Aberystwyth 
Univ 

3 Dosenbo very briefly the prmciples on wluch the chief methods for measurmg 
vapour densities are bosra llTiat factors determme the choice of one method 
over others m praotloe T The vapour density of a substance wos determmed in 
two noys A bulb holdmg 124 c c was sealed up when filled with tho vapour 
at 09° C and 760 mm. The weight of the vapour was found to be 0 3276 gram 
In the second oxpenment, 0 1 gram of the substance displaced 28 c c of air (cor 
rccted) m V Meyer’s apparatus Calculate the vapour density given by tho 
two experiments if 1 litre of hydrogen N T P weighs 0 00 gram —Owens Coll 

4 0 26 gram of a hqmd gave 62 o c of vapour measured at 08“ C , bar 740 mm 
The mercury m the measurmg tube standmg 140 mm above the mercury m tho 
trough What was the density of tho vapour compared with that ot hydrogen t 
— New Zealand Vnw 

6 Explam clearly why temperature and pressure observations ore necessory 
when measurmg tho volume of gases 

C If a quantity of nitrogen under 000 mm pressure at 20“ occupies a volume 
of "00 o c , what volume mil it occupy at 100“, under a pressure of 600 mm. 
pressure T — Oomell Univ 

7 260 c c ot oxygen at 10“ and 766 mm Fmd the volume ot 0“ and 700 mm 
— Mason Science Coll 

8 If a quantity of hydrogen occupies 600 coma tube over mercury, the 

tube being 70 mm above that, tlie temperature bemg 40“, ond 
the borometnc pressure 740 mm , what volume will it occupy at S T P (standard 
teinporaturo ond pressure) 7 
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Hydrogen 


Atomis weight, H = 1 008 , molecular weight, H- = 2 OIC, uni\alcnt Molting 
point, -209'’ , boihng point, -252 6, critical tomperaturo. - 241 Relate o 
Capour density (H. 2), 2 , (air = 1) 0 0G90 , one litre of lijdrogcn, at 0 , <C0 mm 

pressure, and latitude 4V at sca*le\el, weiglis 0 0S99G (sonietuncs called a criin) > 
and ono gram occupies 11 117 litres 


§ I Hydrogen — Occurrence 

The element hydrogen occurs free m nature m comparatively small 
quantities The atmosphere is said to contam about one volume of 
hydrogen per 15,000 to 20,000 volumes of air Hydrogen is also present 
m volcamc gases , m the gases from the Stassfurt salt beds , and m sorao 
meteontes. The presence of hydrogen m natural gas from the oil fields 
has been demed, although many pubhdicd analyses of these gases include 
" hydrogen ” The sun’s chromosphere shovrs what appear to be stupend- 
ous flames of mcandescent hydrogen, m some cases tonermg over 300,000 
miles (SI F6nyi, 1892) into space, and 100,000 miles m width (C A. 
Young, 1872) — ^thousands of times larger than the earth on which we hve 
Spectroscopic observations also show that hydrogen is present m nebuhe 
and certam stars 

CJombmed hjdrogen is common Water contains one-nmth of its 
weight of hydrogen We really know nothmg about the hydrogen as it 
18 combined with oxygen m water The fact is that when water is de- 
composed under certam conditions, this proportion of hydrogen is obtamed 
It IS the fa^on jmrkr to say that the compound “ contains ” the element, 
or that the element “ occurs ” in or is “ present ” m the compound, when 
the element can be obtained from the compound by suitable methods of 
decomposition Hydrogen, together with oxygen, is one of the chief 
constitoents of ammal and vegetable tissue Hydrogen also is present 
m nearly all orgamc comiiounds, and m many gases — ^methane, the hydro- 
carbons, hydrogen sulphide, etc 

Quantitative distribution of the elements — ^By comparing a large 
number of analyses of rocks, etc , F W Clarke (1908) has tried to estunato 
the percentage composition— by weight— of the earth’s crust (^ mile deep) 
— mcluding the ocean and the atmosphere His result is • 


Oxygen 

Per cent 
49 78 

Silicon 

20 08 

Alunumum 

7 34 

Iron 

4 11 

Calcium 

3 19 

Sodmm 

2 33 

Potassium 

2 28 


Pet cent 


MaCTesium 2 24 

Hyarogen 0 96 

Titanium 0 37 

CMonno 0 21 

Carbon 0 ig 

Fho^horos 0 11 


lur . 0*11 


Per cent 


Banum 0 09 

Manganese 0 07 

Strontium 0 03 

Nitroeon 0 02 

Fluoiino 0 02 

Bromine 0 008 


All other elements 0 48 
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If we try to get an estimate of the relatne number of atoms of the 
different I ind^ of elements distributed in the half-mde cmst, the ocean and 
the atmosphere, Clarke’s numbers must be divided by the correspondmg 
atomic Weights of the elements We thus obtam for the percentage 
number of atoms in the half-mile crust 


Oxygen 

53 81 

Sodium 

172 

Potassium 

1 02 

Hvdrogen 

1530 

Magnesium 

1 01 

Carbon 

0 27 

Silicon 

IS 87 

Calcium 

1 40 

Titanium 

Olb 

Alommium 

4 CS 

Iron 

1 29 

Chlorine 

Oil 


This gives a better idea of the relative distribution of the elements from 
the chemical point of view than the actual weights m the preoedmg list 

§ 2 The Preparation of Hydrogen. 

We have seen m Chapter HL how hydrogen is produced by the action 
of metals on water or steam. The black oxide of iron produced m the 
reaction has the empincal formula Fe 304 The action of steam on 
metalhc iron is represented by the equation l3Fe 4 H 2 O = Fe^O^ -}- 4 H 2 
Tins process is used on a large scale Porous bnquettes of iron are some- 
times employed. These are made from the “ spent ” pyrites obtained 
as a by-product m the manufacture of sulphunc acid. 

The action of sodium on water (p 50) is represented bv the equation . 

ka -i- 2g>0 = 2^^>0 -b H, 

where one atom of hydrogen in the molecule of water is replaced by an 
atom of sodium, whereby a solution of sodium bydroxide— NaOH— and 
hydrogen gas are formed An alloy of sodium with lead — called commer- 
cially “hydrone ” — generates hydrogen very satisfactonly when m contact 
with water The same remark applies to alunumum amalgam— called 
commercially, “ hydrogemte ” See “ hydrohth,” p KH. The reactions 
between iron, zme, and magnesium with, sulphunc or bydrochlono acids 
(p 42) are represented 

-{- H,S 04 = MSO 4 + Ha, and M” + 2B.C[ + H, , 

where M“ stands in place of the bivalent metal F e, Zp, or Mg 

In these examples, it will be observed that the process of chemical 
change resulte m the substitution of the two atoms of hydrogen in the acid 
by an eqmvalent atom of Zn, Fe, or In the last reaction with zme 
and sulphunc acid, for example, zmo sulphate — ZnS0^7Hl,0 — can be 
obtamed as mdioated previously Similarly by evaporating the solution 
remaunng after the action of sodium on v, ater, sodium hydroxide — ^NaOH — 
13 obtamed, and with potassium potassium hvdroxide”— KOH. 

The progress of aeronautics has considerably mcreased the technical 
importance of hydrogen In addition to the methods of prepanng hydrogen 
on a large scale, discussed in Chapter m , a fairly pure gas can be obtamed 
by warmmg alumimum or zinc with a dilute solution of sodium hydroxide 
(50 gnns of the hydroxide per 500 c c of water) The reaction is repre- 
sented ^ 

J fNaOH /ONa ./ 



93 


HYDROGEN 

Hero it will bo observed that tlio liYdrogen atoms m sodium hydroxide 
are replaced by the respective elements, and sodium aluminato, Al(ONa),, 
IS a by-product in the former process , and wdium zmeate, Zn(ONa) 2 , lu 
the latter case We see therefore, that under the stated conditions, an 
atom of sodium or potassium can displace only one of the two hydrogen 
atoms in the water molecule — HnO , and that zinc or alumiiuuni can dis- 
place the other hydrogen atom 

The preparation of hydrogen by the action of sodium hydroxide on 
the element sihcon has been patented Tlio reaction is represented 
by the equation Si -4- 2NaO H -4 - H^O ,= Na^8 iO» .-lr. > und also by 

Si -f 4NaOH = Na,Si07+ SHo But only 80 per cent of the available 
hj^ogoii^is'bb&ined bofbio the reaction begins to slow down. If, however, 
some calcium hjdroxide be mixed with the sodium hydroxide, the process 
appears to be quite satisfactory 0 8 kilogram of sihcon w ith 1 2 kilogram 
of alkah wnU give, m practice, a cubic metro of hydrogen 
<Hydrogen is a by-product m the manufacture of chlorine by the 
electrolysis of aqueous solutions of alkah clilondcs 2NaCl -{- 2HoO 
=2NaOH -t* Ho -i* Ch Chlonnc is given off at one electrode and hj drogen 
at the other The sochum chloride is broken down by the cloctrio current 
into sodium and clUorino , and the sodium in contact wnth wTiter, reacts 
as indicated above 2Na -f- 2HoO = 2NaOH -{- Ho 

Hydrogen and oxygen can be manufactured on a commercial scale, 
where electric power is cheap, by the eleotrol 5 ’sis of aqueous solutions — 
acidulated water, etc — ^undcr such conditions that the hydrogen and oxygen 
are kept separate from each other The gases are separately compressed 
m steel cylinders — called “ bombs ” — ^undor a pressure of about 100 oi 
160 atmospheres ^ 


§ 3 The Hydrogen Equivalent of the Metals 

It 18 interesting to determine what quantities of the different metals 
are chemically equivalent to one gram of hydrogen This can bo done by 
dissolving the different metals in different acids- A pair of tubes — 
Hempel’s gas burette — A and B, Fig 32, arc arranged as shown in the 
diagram O' is a flask containing the necessarj acid — cold — and a weighed 
amount of metal The metal is contained in a test tube in the flask and 
left there until the necessary adjustments have been made Tlic levelling 
tube B IS raised until the water m A is at zero, and on the same level as the 
water in the levelling tube B Tlio water m the levelling tube should be 
nearly at the bottom of the tube The flask is closed with a rubber stopper 
Raise or lower B until the level of liquid m the tubes is the same Read 
the level of the hqmd m A The flask is then tilted so that the metal comes 
in contact with the acid, and the levellmg tube is lowered at the same time 


^ 1 Tlio oyhndora of hydrogen are often coloured rod to prevent accidontnllv 

using a cylinder of hydrogen for ono of oxygon ^ 

i = Zme m dilute sulphuric aoid (1 7) The strength of dilute acid is often! 
represented by numbers m this way The numbers moan that ono volume oil 
rho concentrated acid is mixed with 7 volumes of water The stronnth of the’' 
commercial acids \nnes within narrow limits Magnesium is dissolvctf m dilulof 

hydrochlono acid (1 7), nlummmm in wnrml 
dilute hydrochloric acid (I 3) aluminium in warm dilute sodium livdroxidoj 
(60 grms sodium hydroxide, 600 o c of water) There are numerous other wnysi 
of domg the oNporimi,nt besides that described in tlio text ^ 
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Wlien all the metal has dissolved, and the apparatus has had tune to cool 
to the temperature of the room, linng the hquid m the tubes A and B to 

the same level by raismg or lower- 
ing B Read the volume of the gas, 
the thermometer, and the barometer 
Calculate the weight of the hydrogen 
corresponding with the measured 
volume of hydrogen, and ilnally 
express the result m terms of one 
gram of hydrogen 

ExamKiE — I n an oxpenmenfc bv a 
Blndent, 0 2 gnn of mo ga^ o 76 G 
CO of hydrogen, at 16“ and 768 mm 
pressure Whot la tlie equl^alcnt of 
mo I Here 76 6 o o at 16° and 768 
mm becomo 71 3 o o at 0“ and 700 
mm Smce 22 S htrea of hjdrogen at 
and 760 mm weigh 2 016 gmui , 
0 0 of hydrogen will weigh 
0 00646 grm Tins weight of hj « 
drogen comes from 0 1 grm of 
zmo, hence 32 26 grms of amo 
are equivalent to one grm of 
hydrogen. 

One gram of a given metal 

Fio 32 -The Hydrogen Equivalent of the ^ al^ys d\spl^o the same 
Metols amount of hydrogen wliat- 

ever be the liquid used — eg, 
alummum ui sodium hydroxide, in sulphuno acid, or m hydroohlono 
OTid, but the amounts funushed by different metals aro different, 
whe wei^ght of a metal required to displace one gram of bydrogen is called 
fthe hydrogen equivalent, or the chemical equivalent of the metal The 
foUowing numbers for the chemical eqmvalents of three metals are 
taken from student a note books 

Zinc, 32 48 , magnesium, 12 14 , alumimum, 8 96 

obtained for these metals when 
referrea to the standard oxygen = 8, p 14 



§ 4 Chemical Affinity 

to make the parfaolee of bodies stick together 

n™ Som ftp ages, 
^ immediate solution Matter appears to ho 
properties m virtue of which two or more diSar 
brought mto contact, give rise to other forms of matter 
^ssessmg properties quite distmot from the onginal substances. The 

conditio^ to undernn certain siibetancea, under certain 

comuions, to undergo chemical change. This selective force is called 
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* chemical affinitj ” Chemists are chary ahout using the term “ chemical 
affimty ” because it suggests that elements, etc , combine or react becauso 
of a relationship, kmship, or family tie The elements fluorme, chlorine, 
bromine, and iodine, for instance, are said to have a “family relationship” 
or “natural affiraty ”for each other As a matter of fact, elements related 
in this sense do not usually form stable compounds On general principles 
it 18 well to avoid terms which are not clear and precise m meaning, and 
vluch are hable to misunderstanding, because they are not ahraj's imdcr- 
stood in the same way by everybody.^ In chemistry, however, tho term 
“ affimty ” is reserved to coimote not a “ resemblance ” but a tendency of| 
the different kinds of matter to unite ivith one another H. Boerhaaveused* 
tho term in this sense in 1732, and he mctaphoncally compared the force 
of afiinity with “ love, if love be the desire for mamago ” " Wo must allow, 
said J B Dumas (1837), that “there is some truth in this poetic com- 
parison ” Hence, the term “ affimty ” is nsed by oliemists in r, mctaphoncal 
sense for that peculiar force or form of energy •which is tho ongin of allj 
chemical changes 

Cliemical affinity is convcmcntly regarded as “ tho dn\ing foi'cc of a 
chcimcal reaction ” In 1887, W E Ayrton and J Perry expressed tho 
idea that 

Beaction velocity = toroo 

*' Kesistanco 


Consequently, if wo could measure the chemical resistance offered by 
substances to undergo chemical change, it would bo possible to get a 
definite and quantitative idea of chemical affimtj' from measurement 
on tho velocity of a reaction Iso real advance can bo made in tbo study 
of chemical affinity until a method of measurement has been dc\aEcd 


§ S. The Measurement of the Affimty between the Acids and the 

Metals 


I often Bay that if you can measure that of whicli jou spenk, ond can express 
it by a number, you know something of j our subject , liut if you cannot 
moasuro it, jour Ivnowlcdgo is mcogro and nnsntisfnctorj — Loud Kin-vih 

The relation between the velocity and the driving force of a moving 
body — ^If a ball bo sent rolling -with a velocity of 20 cm pci second, 
tho force apphed to the ball iviU be twice as great os would bo required to 
make the ball travel -with a velocity of 10 cm per second during the same 
time Neglecting fnction.the mtensitiesof tho two forces are proportional 
to the velocities wluch they impart to each mass during tho same tunc 
The relation between the speed of a chemical reaction and affimty. 
— 0 F Wenzel, 1777, tned to determine tlic alfimties of tho metals for 
different acids by companng tho rates at which tho metals hberato gas 
from acids of different concentration Ho found that if an acid of a given 
concentration dissolves one umt of metal per hour, an acid of half that 
concentration will take two hours to dissolve the same amount of metal 
The velocity of these reactions can be measured by finding tho amount of 


' Some try to evade tlio difficulty by usmgotlior terms “ olootivo attraction ” 

obomical activity ” chemical avidity,” " chemical energy,” otc , but tho on^al 
term, chemical affinity, is convenient, provided it is kept in its place 
* at omor atcendw copuke cupido ^ 
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gis hbcntcd iwr mmuto.or the amount of acid or of metal consumed, say, 
c\ciy minute Then, at any given moment 


Velocity = 


Amount ot gas libornted _ Acid consumed 
^Tiroe occupied ~ Time occupied 


The affinity of a metal for an acid depends on the coneentration of the acid, 
tin fine, the vdocity of the chemical action at any instant is pro- 
portional to the concentration of the reacting substances 

If no start inth a solution of such a strength that it contains a gram 
molecules of acid per unit volume, then at the end of a certain time t, x 
gram-molecules of the acid per unit volume mil have been consumed, 
and the solution nail contain a — x gram molecules of the acid per umt 
volume Hence, the velocity of the reaction nail gradually slacken donii 
At the beginning of the reaction, the velocity F vvJl be proportional to a , 
that IS, F = fcu, nhero L is a constant , ^ and at the end of the time t, the 
velocity ivill bo 

F — Ha — a;) 

Hence, in Wenzel s evpenment, nhen x = \a, the reaction is only pro 
grossing half os fast as at the begmmng when a; = 0 The speed of 

the reaction at different 
tunes is illustrated m 
Fig 33, where the 
atecissa avis represents 
time, and the ordmato 
axis, the velocity ex- 
pressed m any con- 
vement amts 

By mcasimng the 
rate at vhich hydrogen 
IS liberated per mmute 
per unit area of the 
different metals on the 
same sample of dilute 
acid, it IS iwssiblo to get a rough idea of the relative affimtics of the 
different metals for that particular acid. Expenment shows that with 
dilute hydroohlonc acid, starting inth the most vigorous, this order is 

Potassium, sodium, calcium, magnesium, zinc, and iron 

Bj mcTsunng the rates at nhich hydrogen is evolved vnth one metal 
and different acids of equivalent concentration, ue get an idea of tlio 
rcJativ e affinif j of the acids for the given metal ® For instance, aoids con- 
taunng 30 5 grms of HCl (hydrochlonc acid) per htre , 49 grms of 
(sulphuno acid) , and 60 grms of CH3COOH (acetic acid) per htre are 
chemically equivalent to one gram of hydrogen when tested by the methods 
indicated in Fig 32 When such acids react mth magnesium ribbon 
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0 t 2 5 4 5 6 Minutes 

1 10 33 — Tho Reduction in the Speed o£ 
Chomical Action inth Time 


' Text books on algebra prov e that when z is proportional to y z = A.y, whore 
A u A constant 

* The dissolution of metals m acids is not suited for exact mensuromonts 
bcriiu'ic so mnnv disturbmg inlliicncos nro iit work— local nso of temperature , 
bubble of g'ls protecting tho surfneo of tho inotal from ottuck , varmtions in 
thr» Burfocp of tho nictal during tho notion , etc Still, tho conclusion indicated 
above 13 in harmony with a great deal of work on a variety of simple reactions. 
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(say, 0 05 grm ) the relative affinities appear to be in the order 
named. 

H\ droclilonc acid 100 

Sulphunc acid 70 

Acetic acid 0 5 

The first gives off most hydrogen m a given time, the latter least. 

Returning to the law symbolized m the equation V = k{a — x), wth 
the acids of unit concentration, it foUous that the velocity F = A And h 
has accordingly been called the “ affinity constant ” of the acid for the 
metal, I represents the speed of the reaction at the instant when the acid 
has unit concentration Tiio result of tliis discussion show s that the velocity 
oLAj:hemical reaction is proportional .(i) to the " affinity constant " 
hptweenjfche reacting substances, and (2) to the concentration of 
the reacting substances 


§ 6 Opposing Reactions Guldberg and Waage’s Law. 

In an agCTOgato of molecules of any compound, there is an c\chango 
constantly going on between the elements which aro contained in it — 
A W WiiUAMsov (1850) 

Some of the earher chemists— e-y Tobem Borgmann (1783)— argued 
that the result of a chemical change must be m favour of that substance 
with the stronger affimty Accordingly, “ Affinity Tables ” were compiled 
to show the order m ivliich the different substances would displace one 
another from a given compound If ■A displaces Bfrom one compound, and 
B displaces C from another compound, the order of the affinity of these three 
substances is A, B, C It uas clearly recognized that this method of 
lyork does not gi\o a numcncal measure of affinity, but it Mas thought 
that relative results ucro obtained The suggestion is certainly a good 
tnal hypothesis Let us compare it inth the facts. 

Wo have seen that uon can displace hydrogen from its combination 
inth oxygen , hence iron has a stronger affinity than liydrogcn for owgcn. 
bimilarly, we have seen that hydrogen can disjffacc iron from its com* 
bmation ivith oxygen , consequently, hydrogen has n stronger affinity tlian 
iron for oxygen Tliesc tuo conclusions aro contradictory , both cannot 
bo true Tlicrefore the affimty hypothesis must be either false, or eom6! 
poiserfui perturbing influence must be at icorl 

7 -DO recognized an important disturbing factor in 

1709 BcrthoUct noticed large quantities of " trona ’’—sodium carbonate 
^n the shorra of the natron lakes of Egypt He suggested tJiat the 
so^um clilonde brought down by the nvers uas decomposed by tho 
calcium carbonate present on the banks of those lakes . ^ 

CaCOg + 2Naa = CaQ, + NaXO^ 

Berthollet knew, quite well, that this reaction is the reverse of that which 
usually obtoms in the laboratory, for sodium carbonate, when added to 
calcium chlondo, precipitates calcium carbonate 

Na^COg + CaClo =>: CaCOg + 2NaCl 

Berthollet, the large masses of calcium carbonate on the banks 
of these lakes is able to strencthen ” tho wont 

for or o£ oMormo for S™„ ' 

tetogf«.ormto rolrcf 
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by affinity b ut, .by^the .relafaye^concentrataons of, the reacting bodies 
Excessive ooncoatration can compensate for a weakness of affinity A 
chemical reaction can bo reversed by changing the concentrations of the 
reactmg bodies. We most apply Bcrtliollet’s hypothesis to the reaction 
under consideration — the action of iron on steam 

At the outset, it will be obvious that we have to deal with two opposmg 
reactions steam reacts with iron to prodneo iron oxide and hydrogen 
3Ee "b 4^30 = 

and iron oxide and hydrogen react to produce steam and metafile iron 
FcgO^ + 4Ha = 3Fo + 4 H 2 O 

Two mdependert and antagonistic changes take place simultaneously in 
the Qfstem The result of the change \nll bo determined 115 ' the fleeter 
reaction When steam is passed over red-hot iron, the hydrogen docs 
not get much chance, it is earned away mto the gas jar before it has had 
time to set up the reverse change Similarly, when hydrogen is passed 
over red hot iron oxide, the steam does not get a chance for it is oamed 
away from the reduced iron by the stream of hydrogen 

In order to study the afiSnity relations between these different sub- 
stances, they should bo heated m closed vessels so that the products of 
the reaction are not whisked away from the seat of the reaction os soon 
as they artf formocL The result is then very ennous. It seems os 
if the reaction stops after a tim& At an}' rate, if the temperature 
icmams constant, no further change can bo detects, however long the 
system bo heated- In other words, the system assumes a state of equili- 
brium. Experiment shows that at 200”, tlio ^stem is in equilibrium whou 
the volume of the steam is to the volume of hydrogen nearly os 20 1 
Otherwise expressed, for equilibrium at 200 ” 

Volnnie of hydrogen _ 1 
Volume of steam “ 20 


If a nuxtuie of ono volume of hydrogen and tinmfy volumes of steam bo 
passed over iron filmgs or over iron oxide at 200 ” no apparent change -will 
occur, for the mixture, after passmg through the tube at 200 ®, -will ha^m 
the same composition as when it entered if no secondary actions occur 
If more than this amount of hydrogen be present at 200”, some iron 
oxide will be reduced unfal the equilibrium ratio 1 0*05 obtams, and 

conversely, if less than this amount of hydrogen bo present^ iron oxide 
^ be produced until the eqmhbnum ratio is obtamed If the temperature 
he raised, the velocities of the two reactions are altered in such a way that 
at 440” the volume of steam will be to that of hydrogen nearly as 6 1 
OT as 1 17 , and at 1600”, os 1 1 This means that if equal volumes 

of B^m and hydrogen be passed over iron fihngs or mm oxide at 1600®, 
no change m the composition of the gaseous mixture will bo perceptible. 

equ^bnum is dynamic, not static.— Let us now tiy to picture 
what is takmg place Start with metalho iron and steam At the outset 
when the ^ction is just starting, the velocity of decomposition of the 
s^m he gi^test because the system then contains the greatest amount 
of reactmg substance , and we have seen, p 90, that " the velocity 
proportional to the concentration of the substance 
From this moment, the velocity of the re- 
action gradually sloivs down os the concentration of the reactmg steam 
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becomes less and less On the other hand, the rolocaty of the reverse 
action tvill bo zero at the commencement, because none of the reacting 
hydrogen is then present Tlio speed of the reverse change mil become faster 
and faster as the product of the first-named reaction — hydrogen — accumu- 
lates in the ^stem Ultimately, a point mil be reached where the velocities 
of tlie two opposing reactions mil be equal Tlie one will he balanced by 
the other Tlie reaction mil appear to have stopped in sjnte of the fact 
that more or less of the original substance still remains untransfomied 
The ^stem is then in a state of equihbnum No further change mil occur, 
however long the substances be heated under the same physical conditions 
of temperature, etc Chemical changes of tins kind are convenicntlv 
styled opposing or balanced reaefaons Tlie idea of a d 3 mnmic and 
not a static equihbnum in such reactions was emphasized by A W. William- 
son about 1850, while studying the action of acids on alcohol Ho said 
“ an exchange is constantly going on between the elements of the mole- 
cules of a comxiound so that each atom of hydrogen in the molecules of 
HCl present in a drop of hydrochloric acid docs not remain quietly in 
juxtaposition mth the atom of chlorine mth which it first united, but, on 
the contrary, is constantly changing places mth the other atoms of 
hydrogen, or, what is the same thing, changing chlorine,” and he further 
odds that when a system appears to be in equilibrium, that condition 
“is only kept up by the number of exchanges in one direction being 
ahsolxttely the same m each moment of time as those in the opposite 
direction ” 

Beversed pomters “ ^ ” arc conventionally used in place of the symbol 
“ s= ” for opposmg reactions, so as to mdicato that two reactions are 
proceeding simultaneously “from right to loft” and “from left to 
light ” Accordingly, the reaction under consideration is ^mibohzcd 

3Fo 4HoO FcgOj 

Opposing reactions ore also called incomplete or reversible reactions A 
in contradistinction to irreversible or complete reactions typified bj^ the I 
action of zinc on sulphuric acid, where the reaction is completed in one • 
direction and is not opposed by a counter reaction ^ 

It IS not difficult to see that the absctliile qmnUttes of steam, hydiogen, 
iron, and iron oxide, in the reaction under consideration, do not matter 
Tlie velocities of the two opposing reactions, and therefoie the distribu-t 
tion of the reacting substances, when m equilibrium, is determme 4 
by the relative concentrations of the changing substances This is 
conveniently expressed by the number of gram-molecules of each present 
m unit volume Thus 18 grains of ivater— HgO— per litre represents one 
gram-molecule, 36 grams of water per litre, two gram-moleculcs , etc. 
The concentration of a reactmg substance is sometimes (inappropnatoly) 
called its active mass , BerthoUet called it chemical mass. 

If the surface of the iron were doubled, it is true that twice as many 
molecules of the black oxide, FegO^, might be formed m a given time by 
the decomposition of the steam, but then twice as many molecules of F 03 O 4 
would be decomposed by the hydrogen in the same tune Hence the 
ainsiat^or ,%e„,cpncenteatign^ of can, haye,,nQ„appret!iable 

influenM^on the equilibnum , although it may affect the speed at 

^,atomed In studying equihbni m 
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gases and hquids, anything wluoh separates in the sohd condition is otten 
supposed to bo thrown out of the reaotmg ^stom because the state of 
equihbnum is independent of the concentration of the solid, and a hquid 
which separates when studying gaseous equilibria, is also supposed to bo 
thrown out of the reacting system Wo shall find an analogy in studying 
the vapour pressure of water in presence of its oivn liquid Tho vapoiii 
pressure is iiidopcndcnt of tho amount of hquid ivater present 
I/* Tho decomposition and formation of mercuric ovidc at different 

* temperatures (p 10) in a closed ^csacl is another ovainplo of opposing 
reactions, because tho two reactions iwoceed simultaiicouslj' 2HgO 
^ 2Hg 4* 0^ 

Steam alone is decomposed when heated to a high tomporaturo Tho 
higher tho temperature tho greater tho amount decomposed, or dissociated 
mto its elements 2 H 2 O ?=* 2H^ + 0, For mstanoe, W Nemst and H. 
von Wartenborg (1906) found 

Temperature 1000“ 1600“ 2000“ 2600* 

Amotmt dissociated 0 00003 0 0221 0 6880 3 98 per cent 

* Tina means that if 100 grms of steam be heated to 2600®, at atmospheric 
pressure, the mixture will be m equilibrium when it contains npproximatclv 
*9C grms of tteam, 3 55 grms. of free oxygen, and 0 45 grm of free hydro 
jgen If tho temperature bo lowered some of tho hydrogen and oxygen 
’will recombine , if the temperature be raised more steam mil be decora* 
Iposed. When a substance decomposes with a change in tho physical 
1 conditions — temperature, pressure, etc — and the products of dccomposi* 
kion reoombme when tho original conditions are restored, the process of 
^decomposition is said to be dissociafaon 

^ The ideas developed in this section were not so clear to the old workers, 
not even to BerthoUot himself, for BerthoUet appears to have confused 
tho mcompleteness of cortam reactions with the law of multiple proper 
tions Tho confusion gave him some strong arguments m tho “ Borthollot 
V Proust Controversy,” indicated on p 16 Proust did not know enough 
to clarify Borthollot’s argument. 

Chemical affimty — ^To summarize tho precedmg discussion ohcmicol 
^affimty is a converaent term for the dnving force which causes certain 
substances to combme together and to remam united mth one another 

1 The force seems to act only when tho roaoting substances are in 

contact with one another , or, os it is sometimes expressed 
“ when the substances are brought mthin ‘ insensible ’ distances 
of each other ” 

2 It 18 a selootive force and it seems to act more mtensely the more 

unhke the substances are , or, os it is sometimes expressed 
“ hke reacts with the unlike ” 

3 The affimty of an element is not only defimte as to land, but it is 

also defimte as to the quanttiy of the elements which enter into 
combination The quantitative obaractenstics are described by 
the “ Laws of ohemical combination,'” discussed in Chapter II 

4. Tho strength of the affinity varies mth changes m tho conditions 
of temperature, pressure, light, etc , 

6 Tlie velocity of the effect produced by chemical affinity is modified 
by tho relative concentrations — active masses — of tho reacting 
substances. 
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The pnjiciples of opposing reactions just outlined arc included in 
Guldberg and Waage’s law of mass action so called because the ideas 
of Bertliollet •\vcie considerably extended by 0 M Guldberg and P. Waago 
m an important memoir pubb^ed m 1804 


§ 7 The Properties of Hydrogen. 


The moic salient pioperlies of hydrogen have been discussed on p 44 
Hydrogen is not very soluble in water — 100 volumes of water at 0® absorb 
about 2 volumes of gas, and at 20®, 1 8 volumes of gas Hjdrogen was 
once used os the standard for the atoimo weights because it is the lightest 
clement known. Tlio hghtness of hydrogen has been illustrated. Fig 10, 
p 43 A cardboard box or a hght gloss vessel can bo counterpoised, 
bottom upw'ards, on a balance The beam wall ascend when hydrogen is 
poured upwards into the inverted vessel Soap-bubbles blowni with the gas, 
or collodion balloons filled with the gas, nsc to the ceihng very quickly 
Hydrogen is accordingly used for i^ng balloons Coal gas is used for 
the same purpose , it is much cheaper than hydrogen, though not quito so 
buoyant 

Hydrogen is not poisonous, and animals placed m hydrogen arc 
suSocated for the want of oxygen When hydrogen is mlialcd, the \oicc 
becomes shrill— approaclnng falsetto The pitch of organ pip&s and other 
wmd instruments is raised d a blast of hydrogen bo used m place of nir 

Just below the critical temperature, —241®, a pressure of about 20 
atmospheres inll hquefy the gas, above the cntical temperature, no 
pressure, however great, will hquefy the gas This is one definition of^ 
“cntical temperature” Tlic liquid is clear and colourless, resembling 
water, but it has a specific gravity 0-07, and boils at -252® Hydrogen 
sohdifies when the liquid is evaporated m a partial \aciiuni. The white 
solid IS ciystalbne, molts at —269®, and has a specific gravity 0 070, The 
data concerning the change of state of hydrogen can be symbolized 


— 269'’ — 262” 

Hydrogen ^ Hydrogen ^ Hydrogen 

The combustible qualities of hydrogen have been indicated on ji 44 
The oxyhydrogen flame is one of the hottest gas flames known AVhen a' 
stick of quickhmo is placed at the tip of the flame from a mixture oft 
hydrogen and oxygen burning from a special jet to avoid nsk of explosion 5 
the hmc does not melt, but it becomes w'hite hot and glows w-itli an^ 
intciiBC white hght knoivn as “Drummond’s hght,” or tlio “hnic-hcht”' 
01 “calcium hght” K zirconia be used m place of hmc, the “ zircon j 
light IS obtamed TIio oxyhydrogen flame is also used for wcldiiic \ 
soldeiing platmum, etc 

Catalytic agents.— Although the combustibility of hydrogen is one of 
properties, perfeotly dry hydrogen ignites with 
^cultj ,f at aU, when mixed with perfectly diy oxygen Note, liow 
wer that moisture is a product of the reaction Many other 
? f <3«ed, do not bum when moistiiie 

aJnt J^ojfture «. hci-c said to act as a catalytic 

agcn^Kara (kaU), dowii Xi5« (lyo), I loosen Finely divided platinum 
18 also a catalytic agent for a mixtmo of hydrogen and oxygen, for, m 
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oontaot with freshly ignited finely divided platinum, or platmized asbestos, ^ 
these gases can oombme at much loiror temperatures than they can 
do m its absence The platmum sufiers no percoptiblo change dunng the 
action 

Hydrogen and oxygen, so far as we can tell, may remain an mdefimto 
tune m oontaot with one another at atmospheric temperatures without 
shoivmg any sign of chemical action Some say that the gases do 
react, but very very slowly By measuring the diminution m the speed 
of the reaction from, say, 600° to 600° to 400° to 300°, and assuming 
that the rate of dimmution of the speed of the reaction follows that same 
law — ^reduction of the speed one half x>®r 10° reduction of temperature — 
it has been stated that no appreciable amount of hydrogen and oxygon 
iviU have combmed if a mixture of these gases bo allowed to stand 
at ordinary temperatures 1,000000,000000 years Tlio student has the 
option of accepting or rejoctmg statements hke these Tlioy can neither 
bo proved nor disproved. As P Duhem has said (1010) “ It comes to the 
same thmg oxpenmentally whether wo say that the ■velocity of a reaction 
IS absolutely null, or that it is so small that there is no way of detecting it ” 

Roturmng to the catalytic agent — ^finely divided platinum If a ]ct 
of hydrogen be allowed to impmge on recently igmted but cold platinized 
asbestos, the moss of platmum becomes hotter and hotter until finally 
the temperature is sufficient to ignite the hydrogen gas Similarly, if 
fresh platinized asbestos be placed m a mixture of hydrogen and oxygen, 
the gaseous mixture will explode m a short time The platmum is said 
to act, not by startmg the reaction, but simply by acoelcratmg the im 
measurably small speed of combmation of the cold gases until they combine 
at a prodigious rate The student of chemistry must bear m mind that 
this IS the fashionable view of the function of the catalytic reagent, 
to morrow it may be unfashionable We do not really know how the 
catalytic agents — ^moisture and platimzed asbestos — act, “ Toy ” auto 
matic cigar hghters are made so that by tummg the tap of a httlo hydrogen 
generator — ^not unlike the Kipp’s apparatus m prmciple — a jet of hydrogen 
can be directed on to h piece of spongy platmum when a “ light ” is 
desired. The platinum becomes hotter and hotter, and finally ignites the 
jet of hydrogen The flame is extmguished by turning the stopcock, and 
the apparatus is ready for another igmtion when 'the jet of hydrogen is 
agam turned on to the platmum This is the prmciple of the self hghtmg 
JSSEUB. designed by J W Dobereiner m 1822 Impurities m the hydro^n 
gas, however, appear to “ poison ” the platmum, for the apparatus soon 
ceases to be effective 

§ 8 The Action of Hydrogen on the Metals 

Absorption or occlusion — Some metals — particularly platmum and 
palladium — absorb relatively laigo volumes of hydrogen According to 
O^omM Graham (1867—9), palladium ■will absorb 936 times its own volume 
of hydrogen m coohng from a red heat, and at ordinary temperatures, 
276 times its volume Tlie actual amount absorbed depends upon the 
physical condition of the metal According to G Neumann and E Streintz 

^ Asl^stra 18 dipped in iv solution of platinum clilorido und ignited A deposit 

verj finely divided platmum la loft on tlio asbostoa, which is then called 
'ifintzcd asbestos 
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(1892), ono volume of the following Bnelj divided metals 
following volumes of hydrogen — 


Palladium black 
Platmura sponge 
Gold 
Iron 


602 3 
49 3 
40 3 
19 2 


Nickol 

Copper 

Aluminium 

Lend 


•Will absorb the 


16 6 
46 
27 
0 1 


The hydrogen is given off "when the mctol is heated, particularly under 
reduced pressure, and this property of palladium furnishes a useful means 
of weiglung hydingen gas It w'os used by Morley m his work on the 
combining weights of oicygen and h 3 'drogon (p 46) 

Palladium mcreases in volume during the absorption, but its general 
appearance and properties are not much altered, although a considcmblc 
amount of heat is evolved during the absorption Graham called the 
phenomenon occlusion (from oedudo, I sliut up) The gas is said to bo 
occluded by the metal The phenomenon is now generally called adsorp> 
bon, meamng that the gas adlieres m some unknown way to the metal It 
was once thought that the palladium formed a chemical compound — 
Pd,H — with the hydrogen, but this has not been accepted ns a full explana- 
tion Graham thought that the gas hj'drogcn condensed to a sohd, and 
behaved os if it formed an alloy with tlio palladium He gave the name 
hydrogenium to this hypothebcal sohd to indicate its supposed metallic 
nature Sohd hydrogen, however, has rather tlio properties of a non- 
metal, not a metal — ^its specific gravity, for mstance, is but one eighth 
that calculated for adsorbed hydrogen in palladium Tlio relation between 
the adsorbed hydrogen and the metal is not quite clear 

Nascent state — ^Hydrogen at the moment of its formation is more 
chemically active than ordinaiy hydrogen Por instance, ordinaty 
hydrogen can bo passed into an acidified solution of feme chlondc without 
producing any appreciable change, but if.mctalh c zmc .be-placc fl ip tbn 
solution, the bn^ evolution of hyitogen is so'onlittendcd with the reduc- 
tion of the ferric chlondc to ferrous diloride Tlic latter gi'vcs no reddish 
coloration' -mtli a solution of ^iotasBium thiocjanatc, the former gives 
a blood-rod coloration Hence, hydrogen in flio nascent condition — vi 
statu nascendi — can do chemical work which the ordinaiy gas cannot do 
“ Hydrogenized palladium ” also can do chemical work which ordinary 
gaseous hydrogen cannot do It can reduce a solution of feme clilonde to 
ferrous cMonde, for mstance — 

FeCl3 Hpalladium = PcClo + HCI 

We shall find later on that at least three possible hypotheses are available 
for explainmg this phenomenon « 

Permeability of the metals to gases — Hjdrogen gas can diffuse 
through sohd plabnum, palladium, iron, etc For instance, if hydrogen 
be passed through a palladium tube, tho gas escapes comparatively quickly 
through the walls of the metal It has been csbmated that about 4 htres 
of hydrogen can pass through a square metro of palladium per minute , and 
about half a htre through a square metre of platinum in the same time ^ 
Tho explanation of this action is probably connected with the adsorption 
of tho gas by the metal This phenomenon has to be taken into considera- 
bon m chemical analysis when certain substances are heated over the gas 

1 About 130 C O of hydrogen wiU diffuse through a shoot of mdmrubbor about 
the same size and thickness in the same time. 
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flamo in a platinum cruoblo Reducing gaws from tho coal gas, pass 
through the walls ol tho crucible and exert a reducing action on substances 
bomg calcined — c g manganese oxide 

Hydndes — Hydrogen forms compounds with most of tho non metals 
and many of tho metals. These compounds arc called hydndes drides 
of tho non metals are usually stable, uhdo the hydiidis of lilt metals 
are relatively unstable J Not only is water an oxide of liydrogeii, hut it 
can also bo regarded"^ ns an oxygen hy'dnde \mmonin — NH, — is a 
nitrogen triliydcidc , hvdrazoio acid — ,Ii — is a tnnilrogin monohj dndo , 
methane — CH^ — and the hydrocarbons genemllv arc carbon hydrides. 
Arsemo hydnde—AsHj, phosphonis hydride — PH., etc, aro txainples of 
non metallic hydrides , nlulo potassium hydride — KH, sodium hy dndc — 
NaH , ^ etc , are examples of inetalhe hy drides Calcium hy dndc — 
CaHo — ^is sold under tho name “hydrolilh” for making hy'drogen Ry 
simply treating hydrohth wth water, hydrogen is cyolverl 


§ 9 The Diffusion of Gases 

Owing to tho fact that air is 14 times ns hcai-y as an equal yolume 
of hydrogen under the same physical conditions, if a jar of liydrngcn bo 
placed mouth upwards under a jar of nir, mouth down- 
ivards, most of the hydrogen will flow upwards into tho 
upper cylinder, and nir will flow downwards into the 
lower cylinder — ^Fig ^4 The action is analogous ynlh 
what would occur if tho lower cylinder containesl an oil 
and the upper cylinder water 'Die oil and water would 
change places Tlic two liquids can bo left an indiilnitn 
time without mixing, for tho two liquids — oil and water — 
are immiscible On the cont rary , the tw o gases — hy drogen 
and air — will spread throughout the two i easels in a sliort 
time and in such a way' that the two cylinders will enclose 
a homogeneous mixture of air and hydrogen Tlio gases 
are inisotblo in all proportion's Had the two liquids 

been soluble in one another — say alcohol and yiater 

DiffuaonEx instead of oil and water — these also would have diffused 
penment one into tho other so os to form a liomogcncous solution 
of alcohol and water 

The process of diffusion in the case of liquids appears to be vciy much 
slower than with gases Tho molecules of gases seem to lead a more or 
iles8 mdopondont existence This is illustrated by the rapidity with which 
;the molecules of, say, ammonia can tray cl from one end of a room to 
Ithe other and affect tho sense of sind) In liquids, howcier, tho molecules 
faro much less mobile Tins can easily bo proyed by dropping a small 
rgram of anilmo dye mto a tumbler of clear still yvater The w atcr will bo 
lumformly coloured m a feir yvecks. TIio molecules of solid substances hare 
practically lost their mobility But not all Carbon laid m contact with 
|pura, hot, solid iron wdl diffuse into the mass of tho metal , gold in contact 
years, diffuse mto tho lead in apprcoiablc quantities , 
icarbon y^ difiuae jnto the body of hot vitrified porcelain , and metallic 
Jmlver yviU diffuse mto hot ^ass, stainmg it yellow 



* The fortnulto Na^H and K>H, 
rw considered to bo erroneous 


given by L Troost and P Himtcfcnillo (1873), 
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Tlie transfer of gases in bulk from one vessel to another is an effect 
of gravitation, -ttlieTeas diffusion is not an effect of gravitation 
Thomas Graham (1832) showed that the speed at wrhicli the molecules 
of a gas can diffuse or travel through thin porous membranes is 
related to the specific gravity of the gas Eor example, hydrogen diffuses 
nearly four times as fast as oxygen , the relative densities of hydrogen and 
oxygen arc nearly as 1 16, and the rclatnc rates of diffusion of the 

two gases are nearly as 16 , i e as 4. 1 Tlius we have Graham’s 

law of diffusion the relative speeds of diffusion of gases are 
inversely proportional to the square roots of their relative densities 
Graham measured the speed of diffusion of gases througli thin porous 
plates, and found the numbers mdicatcd in the last column of the sub- 
joined table * Hie preceding column represents the theoretical numbers 
calculated on the assumption that tlic speeds of diffusion arc inversely as 
the relative densities The observed numbers for the speeds of diffusion 
agree vtiy closely with those obtamed bj calculation There is an interesting 
apphcation of the law 


Taiuf VI — Spirns of Diffusion of somf Gases and Graham’s Lat\ 


Gas 

1 

{ llolative 
density 

1 

1 Calculated speed 
< of diffusion (from 

1 

Observed speed 
of diffusion 
(nydrogon=l) 

Vrclntive density 

Hvdrogon 

1 1 

! 1 

' 

1 

Methane CH, 

1 « 

! 0 364 

0 361 

Carbon monoxide (CO) 

! 

1 0 267 

0 278 

Kitrogen 

14 

1 0 267 

0 260 

Oxygen 

' 10 

0 250 

0 248 

Carbon dioxide (CO-) 

j 22 

j 0 213 

0 212 


To find the relative density of a gas by comparjng its speed of diffu- 
sion with that of another gas of known density — ^Let and Dn 

represent the relative densities of two gases one of which, Dj, is known" 
tlie other, D^, is unknoira Suppose that the relative speeds of diffusion 
of the two gases and Fo are known Then, it follows from Graham’s 
law — 

Fj^Dj = 

Given any three of these numbers, the fourth can be calculated by 
arithmetic 

Examples — (1) Tlie speeds of diffusion of carbon dioxide and of ozone were 
found by Sorot (1868) to be ns 0 29 (F,) is to 0 271 (Fg) The relative densitv of 
carbon dioxide is 22 (X>t) when H= I What is Die relative density of ozone (D-) ? 
From the preceding relation, it follows that Vi)-=0 29Xa/22".»-0 271=0 eovii no 
X 3 69 , or D. = (6 02 y- = 26 nearly ^ * -f*" 

(2) A Ladonbor^ (1808) found that ozonized air required 367 4 seconds to 
diffuse under conditions where pure oxygon required 430 reconds what is the 
specific gravity of the ozonized air, ossumuig that the specific nravitv of oxveen 
IS umtj » Ansr 1 3689 ^ ^ o'Jfcen 


« I have recalculated Graham’s numbers to H = 1 instead of nir - 1 I bavn 
also used whole number approximations for the relative densities ”* ’ 
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Advantage lias been taken of the different qioeds of diffusion of different 
gases to devise several pleasing oxponraents The simplo facts can bo 
lUastrated by fixing porous pots ^ to the ends of bent tubes as shoun in 
tbe Figs. 36-37 The porous pots contain air Bring a cylinder of 

hydrogen over the one 
porous pot, Fig 35 Hy- 
drogen diffuses through 
the waUs of the pot 
faster than the air can 
diffuse outwards Conse- 
quently, the pressure of 
the gas inside the porous 
pot will increase This 
is shown by the motion 
of the coloured hquidm 
the U-tube away from 
the porous poh Before 
thooyhnder of hydrogen 
was placed over the 
porous pot, the oir dif- 
fused mivards and out- 
wards through the pot 
at the same rate. Bo 
pcafing the experiment, 



Fia 36 



DiSosson Kspenments 

Fig 36, with a cyhnder of carbon dioxide mstead of hydrogen, the air 
moves outward from the porous pot faster than the carbon dioxide can 
pass mwards. Consequently* there is a reduction in the pressure of the 
gases in the porous pot. ^Ous is shown by the motion of the hquid m the 
U-tubo toward the porous poh 

If die hqmd m the leg of the U-tuhe he connected mth a battery and 
electnc bell, and if a wire be fused m the leg of the U-tubc so that when 
the hquid nses electnc contact is made, the bell will 
nng A device hosed on this prmciplc has been sug- 
gested os on alarm mdicator for the escape of coal 
gas m rooms, or fire damp m coal mmes. These 
gases, like hydrogen, diffuse through the walls of porous 
pots faster than the air can escape The experiments. 
Fig 36, can be modified so that the hquid is sprayed 
from the tube like a mimaturo fountain. The outward 
pressure of the gas. Fig 35, can bo made to blow a 
soap bubble if a film of soap solution be placed across 
the widened month of the tube. Fig 37 

The ready diffusion of gas through the walls of 
buildings plays a part m ventilation. Most building 
matenals are porous, and permit the passage of gases 



through them in both directions. The division does 


not take yfiace so readdy when the walls are saturated with moisture 
— c.g new bmldmgs, etc 

If a slow ourrent of electrolytic gas, that is, the mixture of hydrogen 

’ (^nerallv used for botterv cells Ordinary clov tobacco pipes with the tnoutb 
01 tne bowl closed wjth ploster of Pans will sen o quite well fCr tbe expeninent 
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and oxvgen obtained by the clectrolj as of water, be allowed to pass through 
the stem of a “ church- warden ” clay pipe, and the gas issuing from the 
ppo be collected in a gas trough, the gas thus collected will no longer 
explode when brought m contact with a flame On the contrary, it will 
rekindle a glowmg chip of wood, showmg that oxygen is present In 
passmg through the porous pipe, hydrogen escaiies by diffusion through 
the porous walls of the “ clay tube ” much more rapi^y than the heavier 
oiygen This phenomenon — ^the separation of one gas from another by 
diffusion — ^has been called, by Graham, atpiolysis — ornos (atmos), vajiour , 
Kite (Ivo), I loosen If a current of steam be passed through a porous 
tube at a high temperature, and if the porous tube be surrounded by 
another tube of glazed impervious porcelam, the n-ater lapour will be 
dissociated by the heat into hydrogen and oxygen, p 100, smcc the 
hydrogen diffuses much faster than the oxygen lijdrogon uaU pass from 
the mner tube mto the annular space between the two tubes. Tlic hydrogen 
may be collected m a smtablc gas trough Similarly, the residual oxygen 
can be collected from the gaseous steam passing along the mner tube Of 
course, the hydrogen is contaminated with more or less oxygen, and the 
oxygen with more or less hydrogen. 

Are the molecules of a gas all alike ? — ^Espenments on atmolysis enable 
an answer to be returned to this question If a gas like by drogen or ox\*gen 
be allowed to diffuse through a porous septum, no difference can be detected 
m the properties of the gas on both sides of the se ptum If some of the 
moleqples of, say, hydrogen had a sensibly greater density Hian the others, 
it would be possible to produce two kmds of by drogen by' atmolysis This 
cannot be done, and hence it is inferred that ff there is a difference m the 
molecules of hydrogen, it is too small to be detected The alternative is 
that if there is a definite proportion of two kmds of molecules m cquibbnum, 
cquihbnum is restored on both sides of the septum as soon as the tu o kmds 
of molecules are separated. W, Ramsay and J F Collie (1897) inferred 
that hehiim is a simple substance because repeated atmolysis does not alter 
its density , and Lord Rayleigh and W Ramsay (1895) showed that atmo- 
spheric mtrogen is probably a physical mixture of mtrogen nith a heavier 
gas, because repeated atmolysis does alter its density 


Questions 

1 Indicate by means of equations four methods of preparing hydrogen 
UTiat weight of zme is required to produce 100 litres of hydrogen gas measured at 
27“ C and 680 mm pressure ’ {Zn = 65 22 4 litres of o-sygen measured at 

0' and i60 mm weigh 32 grams ) — St Andrctre Unit 

Explain the coimection between the terms Eqmialent and Atomic wcicht 
0*100 gram of a metal ga\e on treatment with a dilute acid 34 2 c c of hvdroMn 
measured at NTP Calculate the cqunalont of the metal IMiat further 
“ o deduce the atomic weight ^—Abcrpstwi/tfi Vmt 

3 llTiat 13 meant by atmolvsis T The specific gra^tics of air and hvdro- 
gen are as 1 tJt How many rahio centimetres of hs drogen will pass through 
Art ^ ® ® tfirotgh ^—Science and 

331 f^ms of load oxide are heated in hydrogen, 2 163 crams of 
metallic lead are obtain^ Suppose the atomic weight of oxygon to ho 16 find 
the quantity of load combined with 10 parts of ox^ gen — Or/ord I^caU 

C Tcu jirains of water aro (1) decomposed aoditim /*>! «.i>. 

over hot iron , (3) decomposed hy an clectnc ctnrenf ’ Wiat Aoluzno of 
under standard conditions is produced m each case •>— Owens Coll 6"® 
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The KI^•ET^c Theoby of Atoms avd MoleciiLes 
§ I Matter and Energy 

Substance is like a nver in contmuBl flow the energies undergo constant 
changes and cause work in infinite variety There is hardly anything that 
stands still or remains stilL — SI abcits Acseuvs 

JIateee as perceived bj the senses, possesses certain attnfaatcs — 1\ eight and 
extension in space — tshich appear to be permanent and essential quahtics 
abiding m aU knotm kinds of matter , whereas other properties appear 
to be secondaiy and accidental attributes — e y colour, odour, etc wiuch 
arc pecuhar to specific forms of matter Matter may also be found under 
different conditions of temperatare, electnffcation, motion, etc , and daily 
expenence teaches us that changes are continuaily taking place in the 
conditions of bodies around us Change of position, change of motion, of 
temperature, volume, and chetmcal combmation ate but a few of the 
myriad changes associated with bodies in gencraL 

The forms of energy — It is evident that, m order to keep a gnndstonc 
m motion, a certam amount of, say, muscular energy must be expended 
to overeomo the resustance opposed by the aut, axle bearings, etc. If a 
piece of steel be pressed against the stone, the steel soon becomes warm. 
Exact measmements have shown that the amonnt of heat produced is 
proportional to the energy expended m mamtauung the motion of the 
grindstone Agam, m the hot-air motor, heat is employed to set bodies 
in motion. Heat and mechamcal motion are therefore mutually conver- 
tible, one mto the other If a vulcanite tiro be placed on the gnndstonc, 
and the nm be pressed with a piece of fiannel, electrification will be mduced. 
But electnoity can also be readily re converted back mto mechanical 
motion. Electncity, mechamcal motion, and heat are thus mutually 
convertible one mto the other Much of the motive power used in tho 
industrial arts is derived from the chemical action between coal and oxygen 
m the furnace of a steam engma Heat and electnoity are also w ell-known 
conraimtants of chemical action Hence we infer that heat, electnoity, 
mechanical motion, and chemical action are all different forms of one 
mstmet entity — energy Observations by Tonic and others have shown 
jthat any one form of energy can be transformed directly, or by 
fintemediate steps, into any other form This is the so called law of 
1 vansformation of energy All types of machineiy are devices for trans- 
forming energy from one form into another 

Energy and work. — ^As a first approximation, ciciy ch-ingc m the 
condition of the bodies around us is supposed to be due" to tho action of 
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energy In other w'ords, energy is that which has the poivcr of changing 
the conditions of bodies MHienever a body is changing its condition, 
there energy is in action Energy is the cause, change of condition the 
effect The action of energy may be resisted Change can only take 
place when the restraint is withdrawn or overcome The action by which 
energy produces a tendency to change is called enforce Tlie word “ten- 
dency “ here means that the change wnll take placo^he moment the rc- 
strainuig influence is withdrawn Force is thus a^manifestation of energy. 
Whenever resistance is overcome, energy must be expended Hence 
energy is sometimes defined as “ the power to overcome resistance “ 
Work IS said to be performed whenever change takes place in opposition 
to a force opposing that change The amount of w'ork done is equal to 
the quantity of energy transferred Work is done at the expense of energy. 

Work performed = Energy expended 

Consequently, energy is sometimes defined as “ the capacity for doing 
work , ” or, as W Ostwald puts it, energy is work and all else that 
can be produced from and be converted -mto work Ti\o factors 
arc therefore mvolved m the expenditure of energy (1) the magmivdc of 
the resistance , and (2) the extent to which the resistance is overcome 
Tims, when a particle moves a certam distance s by the application of a 
force F, the amount of energy expended, or the work done, is equal to the 
product Fa 

Energy and matter are mseparable — Wo can coin ciiiently describe 
oui knowledge of the material wwld m terms of two * entities or abstrac- 
tions 1 Energy , 2 Matter It is sometimes convenient to keep these 
two concepts distinct, although energy and matter arc separable only 
111 thought, in reahty they are indissolubly joined togethci Wo lca^c tho 
metaphysical - chemist to deal with matter defined as the ^mknow^l cause 
of known sensations, and answer for himself such questions as What 
18 matter m and by itself ? IVhat is tho “ Di ng an aich ” ? ^ ^ 

chemist defines Matter is that which possesses weight * and occupies i 
space = Air, water, glass, eoppei, etc , arc forms of matter , heat, light, 
electncity, and magnetism are forms of non-matter— energy , coloui I 
odour, etc , are specific properties of particular foiras of matter j 

Energy, like matter, is indestructible —So far as accurate mcasuic- 
meiits arc concerned, it is found that when any quantity of one form of 
energy is made to disappear, an eqmvalcnt quantity of another form or 


, o7« 

^ faeyondTxienonc;: lhoro7om “biVond 

information about that upon which nature is dependent . ponulariv 

what IS bohmd nature, and makes nature possible " popularly expressed, 

a German— ‘‘the thing m itself” At the end of our discussion too 

pSrm^ i^Ahmg® that his time had boe^ Vn” 

‘ See tho last footnote p 7 

» W Ostwald (1892) “Tho more intimately acounintofl T .i 

properties of energy, tho clearer became tho proof tlmt matter w I'*® 

complex of different factors of energy wluoh possess tlie nronoplv ’’’ 

cally proportional Tho tradilionarfundomental 
selves as modes of expression or factors of energy" ’ ^ 


B 
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lomiB of energy appears. No gam or loss of energy has ever been 
observed in an isolated system This is the fanions law of conserva- 
tion or persistence of energy “The transaetions of the matonal 
universe,” said J C Maxwell, m that inimitable ivork Matter niid Motion, 
” appear to bo condacted, as it were, on a 8 >Btom of credits Each trans 
action consists of a transfer of so mnoli credit or cntrg\ from one body 
to another The act of transfer or payment wo call work ” 

V / Perpetual motion — ^Xlio law of persistence of energy is sometimes 
called the first law of thermodynamics It can bo expressed another w ay 
No maehine can generate energy or do work of itself without consummg 
at least an equal quantity of “ pro existing ” energy \\c call this rcMscd 
statement of the law of persistence of cm rgy, the law of excluded perpetual 
i^motion Wo can offer no proof of the truth of this law, other than the iin 
contradicted oxpcnonco of mankind Wo assume that it perpetual motion 
had been possible it would have been discoiercd long ago Of course a 
similar argument might ha\o been used m 1800 against the existence of 
a gas like argon m the atmosphere, and the ‘ uncontmdicted cxpenenco ” 
would ha\c been contradictctl four years later Tlie search for a jiorpctiial 
motion through ccntuncs of laborious work has been fruitless It has 
brought nothing but failure So great is our faith in the truth of this 
iinproicd “ law ” that a demonstration showing that any supposed 
process would involve a perpetual motion, i r the creation or dc 
struction of energy, is considered sufficient proof that the supposed 
process is impossible Most scicniiiio societies would refuse to consider 
sonously papers which Molatcd the assumed law of excluded jiorpctual 
motion 


§ 2 Total, Available, and Potential Energy 

Wo haio no means of measuring tlic absolute or total amount of energy 
wluch a body possesses Air confined in a closed itsscl at atmo«plicnc 
pressure might appear to jhississ no energy' because it can do no work 
But reduoo the pressure of the surrounding air, and the air conruicd in the 
vessel 18 capable of performing work Tlic total energy associated with 
any body is possibly independent of the cMcninl conditions In Die studi 
of natural phenomena, wo are onl\ concerned with that portion of the 
total energy which can bo utilized for doing work Tins is called Dio free 
or available energy 

Potential and kinetic energy — Tlicro is an important difibrcnco 
between a stone tying on the ground, oiid a similar stone Jy uig on the table 
Both appear alike to bo motionless, yet the latter possesses more ainilablo 
energy than the former For example, the stone, in descending to the 
ground, could bo made to transfer ito energy to tlio mcchaiusm of a clock, 
and do work Tlio aiailablo energy would thus bo transformed into 
mcchamcal motion For the same reason, a wonnd watch spring possesses 
more available energy than a siimlar spring not wound up Thus, mail 
actii 0 (i c kinetic) or passu c (i c. latent or potenti il) 

When a marble is rolhng along tho ground, it has the power in virtue 
of that motion, to change tho stale of onothcr marble with which it might 
TOiIiae AJ^QaXxJhercforo, might possess energy in nrtuo of its ^notion 
said to bo in_a Xaii cftc or a ctn c conihtion It is found that 
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the available kinetic energy K of a body of mass m movuig 'with a velocity 
F, 18 AT » This energy may bo transformed into heat when the 

motion of the body is arrested Potential energy, on the other hand, is 
said to be “ potential to ” or “ possible to ” a body in virtue of its condi- 
tion with respect to surroundmg objects IVlien a stone is lifted above 
the ground, the energy expend^ and the nork done depend upon the 
weight «7 of the stone and the height h to which the stone is lifted. Con- 
sequently, the available potential energy B of the raised stone mil bo 
E — w7i The meanmg is that a measurable quantity of energy la “ stored 
up ” or “ rendered passive " in some way, and that this same amount 
of energy can be recovered ^ For instance, when the stone returns to the 
ground, it -will, in falling, acquire an equivalent amount of kinetic energy. 
Again, water m an elevated position can do work m virtue of the law that 
all liquids will flow to the lowest level that oiroumstanccs mil jiermit ” 
Consequently, water at the top of a lull possesses potential energjf, A 
bent sprmg, a raised hammer, compressed air, and a piece of iron m the 
■vicimty of a magnet, all possess potential energy^ Substances which in 
virtue of their relative condition, or the motions of their molecules, are 
capable of entering mto chemical actions, are also said to possess potential 
energy Such is gunpoivder, a miictare of metalho zinc and sulphuric 
acid, etc The hght, heat, sound, and mechanical motion ulnch attend 
the explosion of guncotton are equivalent to the chenucal enorgj- stored 
in the explosive 


§ 3 The Degradation or Dissipation of Energy 

The transformations of energy — Watermaybotransportodfromthotop 
of a mountain to the valley beneath m a variety of ways • it may come doum 
m underground channels, nvers, and ram , or m tho fonii of snou, glaciera, 
or an avalanche fSo may energy pass from a state of high to a state of 
low potential in many and vanous ways, giving rise to mechanical, thermal, 
actinic, chemical, olcctncal, or magnetic phoriomena Xn reality, the so- 
called “ different forms of energy ” correspond with tho tendencies which 
any given sjstem may have to change m particular directions If there 
18 a tendency for the different parts of a system to come into closer contact, 
vfB have gravitation and cohesion , if there is a tendency to an equalization 
of temperature, thermal energy , and when there is a tendency to undergo 
transformation mto another substance, ohoraical energy Hence tho 
definition a chemical reaction is one mode by which energy can 
9g..i£^sferred from one state to anoth er Wo have seen many 
examples of tho hberation of encrgy-^^Hat, hght, electricity— during 
chenucal reactions To avoid the assumption that this energy comes 
from nothmg, it is postulated that the original system contained aS 
definite amount of available energy — chemical energy. 

If a TObstance can unite with another, it is said to po^ess chemical 
OTor^, because it can do chemical work, and conversely, substances 
wkoh cannot combine chemically with other substances have no avail- 
able chemical energy, for they can do no chenucal work. During a ohenuoal 

Tho iVi no^e? 
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reaction, the olicmical energy w transformed into an equivalent amount 
of some other form of eneigy which is usually, though not always, heat 
(see p 20) Hence, the relation between ohemical energy and heat 
(thermal energy) is an important subject, which, for converaenoe, is called 
thermo-chenustry Chemical energy may also bo transformed mto 
electrical energy during a ehemical reaction Hint branch of chenustiy 
which deals AVith the relation between ehemical ^nergy and elcptacitv 
(olcctrioal energy) is called electro-chemistry Just ns chcnucnl changes 
which arc accompanied by an evolution of heat ai’o called “ oxo timrmal 
reactions,'’ so reactions which are accompanied by an evolution of clcctricnl 
onor^havo been called “ oxo_eleotnoal jpnptipns,” and conversely for 
“ endqJSiprmal ” and “ ondo clcctncal ” reactions 

The degradation of energy — Just ns ^vntor toU always run down 
from a high to the lowest level that ciroumstancos Avill permit, so m all 
processes with which we are acquainted, every known form of energy 
at a high potentid ^ways runs down to energy at the lowest poten 
nal arcumstances will permit, and one of the most interesting facts in 
connection with all natural changes is this constant running dowm or 
degradation of energy Energy becomes less available for doing work. 
Every change which takes place m nature does so at the cost of a 
certam amount of available energy When wo inquire whether 
or not a transformation can take place, the question to bo answered is 
Will tlie occurrence mvolve tlio degradation of energy ? If not, the trails 
formation will not take place under the given conditions. An ancient 
philosopher has said that “ all thmgs are in motion,” and wo might add 
that that motion always mvolves the degradation of enorgj' The trans 
formation of energy m a given system only censes when the available 
Senergy has run down to the level of its surroundings. Tlio ^tem is then 
{'said to bo in a state of stable equilibrium. 

Metastable equilibrium — We are, however, very familiar with systems 
in which the energy has not run down to the level of its surrounduigs 
and yet everything appears to bo a state of stable cquilibniim But the 
stability IS only apparent. As a matter of fact, available energy does not 
always, of tiadf, run down to the level of its surroundings. Eor some 
unknown reason, an mfluonco — conveniently called hysteresis or passive 
resistance (p 79) — ^prevents the imtiation of the process of degradation of 
energy — a prohminary impulse is needed to start the process of degradation 
of energy “ Passive resistance ” is hero used os a grouping or olassi- 
fioation term. It explams notlung Just ns the throttle valve of a steam 
engme must be moved before tlio engmo con start on its journey, so may 
a prehnunary impulse bo required to sot the process of degradation of 
energy m motion The ilappmg of an eagle’s wmg may suffice to start 
an avalanche rollmg down the mountam side , with gunjioivder the “ pre- 
hnunary impulse ” may take the form of heat , with a mixture of hydrogen 
and oxygen, an electric spark, or the mere presence of spongy platinum , 
with a mixture of hydrogen and chlorine, a flash of hght, or the addition 
of a piece of charcoal , wnth fuhiunate of mercury, a sudden shock , while 
the addition of a minute crystal 17111 start the process of crystalhzation 
of a supercooled solution of sodium thiosulphate TH^e may thus have 
a state of metastable, apparent, or false equilibrium, os well as a state 
of true or stable equihbnum We naturally mquire Is there any test 
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to distingui<;]i between stntcs of icn.1 and states of apparent equilibrium ? 
We knou that if a gas is in equilibrium uitli i-egaid to volume and pressure 
it will satisfy the conditions of Boyle’s law , volume and temperature, 
Charles’ law, etc But we have not always such useful tests at our 
disposal 


§ 4 The Molecqjar Theory of Matter. 

If we would become imbued -with the spirit of the now philosophy of 
chemistry, wo must begin by behoving in moleoulos — J P Cookf 

For purely chemical reasons, w'hich culminated m Avogodro’s hypo- 
thesis, we have seen how chemists have been led to invest matter with an 
imaginary structure which c^lains, very well, the various transformations 
Avhioh matter undergoes Matter is supposed to bo made up of extremely 
small d iscr ete particles called molecules Molecules are toe imaginary 
umts which make up matter en masse Molecules are made up of 
one or more atoms Atoms are the imaginary units which make up 
the molecules 

Molecular structure of matter — Matter must be either a discrete oi a 
continuous medium Our study of diffusion m solids, liquids, and gases 
leads us to reject the hyjiothcsis that matter is continuous, for how can 
tw’o continuous media occupy the same space at the same time ? Oui 
study of the compressibihty of gases— Boyle’s law— leads to the same viou . 
How can a contmuous medium on rarefaction (that is, diminution of 
piessure) expand indefinitely ? Hon can compression dimmish the volume 
of matter itself ? If matter be discrete, we can readily answer these 
queries Compression involves a closer packing or a crowding together 
of the molecules by diminishing the space between them Tins voiy' ex- 
planation was given by Hero of Alexandra 177 B c V There are void 
spaces between the particles of air just as there is air between particles 
of sand , when the air is compressed, the particles are forced into the 
vacant spaces, and when the pressure is removed they return to thoir. 
former position ”/ Conversely, rarefaction involves an increase of the spacol 
between the molecules, so that the molecules become less closely packed 
and less crowded together ) If matter be disorctc we can also understand 
how one substance can diffuse into anotheiv-hydrogon into air , aniline 
dye into water, and gold into lead As stated on p 67, the molecules 
^m to lead a more or less independent existence, and the space between 
the molecules furnishes accommodation for the introduction of otlier 
particles. A study of the physical and the chemical properties of matter 
has th^ led to one conclusion Matter is discrete, not continuous •? 
Md It IS made up of minute particles called molecules Tliw 
bypajihesis ^ is^caUcd^tho^plcpular j)hgor yj3f matter 




§ 5 The Kinetic Theory of Molecules. 

Are the molecules stationary or m motion ? Here agam the phono- 
menon of diffusion has led us to further assume that tlio moleoulos arTin 
lapid motion How could gases diffuse one into the other in such a re- 
mark^Ie way if the molecules were at rest ? Diffusion and the fact that 
» 0 ! p«e, with iSeront .peefc gtavto Aws io rf 
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sctibng, compel ns to assume that the molecules arc m a state of incessant 
motion, and that they are travelling in all directions. In solids, the 
motion of the particles must bo greatly hampered by adjacent molecules. 
Iho low compressibihtj of sohds, and the comjiarativelj slow rate at iiluch 
one solid diffuses into another, ^ows that the molecules of a solid have a 
comparatively low mobihty One molecule can onlj get an ay from contact 
with another molecule very very slowlv, if at all The fact that most 
sohds retain their shape for indefinitely* long jxjnods, unless prcientcd by 
chemical, mechanical, or physical actions, shows that the molecules of 
sohds have a very hmited mobihty — £.</ , some ancient jewellery appears 
to be the same now as when first engraved. 

The molecules of a hquid seem to have more freedom than solids. Tlie 
molecules are sufficiently mobile to allow the liquid to quickly take up 
the shape of the vessel which contains it A molecule of a liquid can, in 
time, travel to any part of the liquid mass. Its course is nccessanlj slow, 
bceause it must be contmually abutting against other molecules. 

On the other hand, the molecules of a gas seem to lead a more or Ic^s 
independent existence They appear to bo continually moving aith a 
great velocity m sensibly straight hncs m all dircotions. Tlie molecules 
in their travels must bo contmually colhding mth one another and bom- 
barding the walls of the contaming vossoL Thus the molecules continu- 
ally change their speed and directions. 

It 13 clear thatanoutuard pressure must be exerted on the sides of the 
vessel every time a molecule stnkcs the boundary u-alls Tlio moving 
molecules must be perfectly elastio so that after each colhsion they rebound 
with the same velocity as before, otherwise, their momentum would 
decrease with each colhsion, and the pressure of a gas would decrease uith 
time, whioh it docs not. Hence, it is inferred that the molecules are in 
a state of perpetual motion Tlie preceding assumptions suffice for some 
important deductions which enable the condition of the molecules of a 
gas to bo inferred with some degree of probabihty 

' « \ § 6 The Kmebc Theory and Boyle’s Law 

What t» must bo studied beforo what vas con bo inferred Precedent states 
remain visionary unless thoj con bo linked to actual and ob«er\nl>lo 
Conditions — A. M Clekke. 

Assume that a closed vessel contains n molecules, and that the ceaseless 
cannonade of mnumcrablo molecules on the walls of the \csscl produces 
an average pressure, p Imagine n similar molecules to bo squeezed into 
the same vessel This will double the number of impacts on the sides of 
the contammg vessel so that the pressure will rise from p to 2p Tlie 
concentration of the gas will also be doubled This is nothing but another 
■vay of statmg Boyle’s law 

The same result can be obtained onother way Suppose n mass tn of cos 
contammg n molecules bo confined m a cube with edges each I cm long, and that 
the molecules are movmg with on average velocity V Although the molecules 
travel about m every conceivable direction it is fair, for pnrposcs of calculation 
to consider the molecules are divided into three equal seta witli v olocitics jiarallcl 
to thrM adjacent sides of the cube At nhv instant, therefore wo assume that 
ore travelling with a velocity V parallel to nnv particular edge, and 
tliereiore p^pendicular to the two corresponding faces of the cnbo One raolecnio 
movmg with a velocity V will take f/F seconds to pass from side to side, and it 
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will therefore stnko n side iVJl times per second At each colhsion mth tho fnco 
of tho cube tho velocity of the TOoleoulo i3 reversed m direction so that its momen- 
tum changes from mV to —mV , that is, its momentum changes 2mV Tho total 
change of momentum by in molecules staking o side iVfi times jxjr second uill 
therefore be the product AF/f X 2inF X Jn, or JumF*/? This measures tho total 
force or pressure everted on one face of tho cube But tho total surface of one 
face of tho cube is P Hence, tho total pressure per umt urea is p = inmVyi — P = 
inmV'fp But P represents tho volume 1 ) of tho cube Honco 0 

pv = JnmF* \ 

If tho number n, tho moss ni, and tho averogo velocity F do not change, tho 
expression inniF* is constant, and honco tho product pv is constant This is 
Boyle's law 

The effect of molecular attraction — ^If the molecules have appreciable 
cohesion, or attraction for one another, they vnll move in cun cd, not in 
straight paths Doubhng the number of particles per unit volume tvill not 
then give exactly tvi'ico tho number of impacts on tho boundary -vvalls. 
When the molecular attraction is marked, tho product jw must bo few than 
corresponds with Boyle’s law Molecular attraction deflects some of tho 
molecules from the kraight path so that they do not stnko tho walls of 
the vessel undei conditions where they otheruise uould Tins appears to 
he tho case with carbon dioxide, and most gases which have a smaller 
apparent volume v, or a smaller value of pv, that is, a greater concentration 
than corresponds with an increase of pressure as described by Boyle s lau 
This 13 illustrated by the downward dope of tho pv curves. Fig 26, for 
carbon dioxide below 150 atmospheres pressure 

The effect of the size of the molecules — ^Tho small reduction m 
volume which occurs uhen a gas is highly concentrated is cxplamcd m 
tho followmg way Under great pressures the volume of the molecule 
becomes comparable m magnitude with tho space through which tho 
molecule can move The volume of the space m which the molecules 
move IS alone reduced by pressure, and tbereforo only part of the total 
volume occupied by the gas can bo reduced by pressure Hence, at high 
pressures the apparent volume, and tho product pv appear to he greatci 
than IS desenbed by Boyle’s law With hydrogen, for instance, when tho 
pressure is doubled, tho volume is not quite halved The same remark 
apphes to other gases, e g , carbon dioxide, at great pressures. This is 
illustrated by the upward course of the curves, Fig 20 

The kmetic theory and Graham’s law — ^Tliis relation (p 105)p 
follows from tho above discussion— pi> = ^tnV' Tlio densitj’- of a gas is^ 
the mass of unit volume <stmn^D Hence from the preceding rolation,| 
2) JDF* When the pressure is constant, tho velocity V will be inversely s 
proportional to tho square root of the density D, for P constant — I)X 
etc* This IS Graham’s law 

§ 7 The Kmetic Theory and Charles’ Law and Avogadro's Hypothesis. 

The kinetic theory and Charles law.— Heat is gcneially considered 
to bo a mode of motion of the molecules of matter Tho speed of tlio 
molecular motion determines tho temperature If tho speed increases, 
tho number of m^ular impacts on tlio boundary walls also morcascs if 
tho volume remains constant, or tho volume increases if the pressure 
remains constant It is now necessary to mtroduco an important 
assumption Two gases are m thermal oquihbrium when tho total 



116 


MODERN INORGANIC CHEMISTRY 


kmetio energies of the molecules are the same. Smce real gases — ^whidi 
exert no ohemioal or physical action on one another and which are under 
the same conditions of temperature and pressure — can be mixed without 
change of temperature or pressure, it is assumed that the molecules of equal 
volumes of two gases at the same temperature and pressure possess the 
same total kinetie energies We have seen ^ that the total kinetic energy 
of a gas 18 proportional to the product pv Hence, if the temperature be 
alter^, pressure remaining constant, the kinetic energy (t e. temperature) 
must alter to the same extent, and hence also the volume. Otherwise 
expressed, if the pressure remains constant, the same alteration of 
temperature will alter the volume to the same extent. Tins is Charles’ law 

The kinetic theory and Avogadro’s hypothesis — ^From what has ]ust 
been stated, it follows that equal volumes of two gases at the same 
temperature and pressure have the same value for the product pv Hence 
also the total kinetic energy of the one gas iviU bo equal to the total 
kmetio energy of the other , or the product tIjOTj Fj" for one gas will be 
equal to the product MjWIjFj* for the other But the average kmotic cnoigy 
per molecule m the two sj'stems will be equal if the temperature is the 
same , and hence, = iwtjFo® , or, by substitution in the precedmg 

relation, This is the ^mbolic way of saymg that equal volumes of 

two gases under the same physical conditions contain the same number 
of molecules , that is, Avogadro’s hypothesis (see p 56) It is possible to 
argue backwards from Avogadro’s hypothesis, and deduce the assumption 
itahcized above. The one is dependent on the other Remember there- 
fore that, contrary to uhat some enthusiastic writers assert, Avogadro’s 
hypothesis has rendered it necessary to introduce an vnhiown and wi 
tenfiabh assumption ^ mto our reasonmg The kmetio theoiy should not 
be quoted as a proof that Avogadro’s hypothesis is true 

i \ § 8 Summary of the Kinetic Theory 

The phenomena are our data, and behmd them wo cannot go except in 
imagmation — SaHorEXHAUEB 

We can now summarize the assumptions of the kmetio theorj — ^the 
term “ kmetio,” by the way, is denved from the Greek Kiv4a (kmeo), I 
move 

(1) Matter IS composed of a fimle number of molecules In gases, the 
actual volume of the mo^eciUes w very small compared with the space not 
occupied by fhe molecules At great pressufes, howeier, the rdahve size of 
the molecules must be taLen into consideration 

(2) The molecides of a gas are tn a state of rapid perpetual motion in 
straight lines The molecules are continually colltdtng against the walls of 
the boundary vessd and against one another 

1 Hagmtudes proportional to the same tlung are proportional to one another 

- Accordmg to J 0 Maxwell (1879) * If the system is a gas, or a mixtnre of 
gases not acted on by external forces, the theorem that the average kmotic energy 
for a single molecnle is the same for molecules of different gases is not sufiBoient 
to retabhsh the condition of equilibrium of temperature between gases of different 
kinds, simh as oxygon or nitrogen, because when the gases are mixed we have no 
means of ucertammg the temperature of the oxygen and nitrogen separate!} 
We CM only ascertam the temperature of the mixture by puttmg a thermometer 

mit” t- o 
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(3) The mslectiles are perfectly elaeiie and rebound after a collision vnih- 
ouf any loss of momentum. 

(4) The molecules of gases do not aliaiys mote quite independently of one 
another since some molecides hate a slight atiractite force one for the other. 
This becomes appreciable vnth increasing concentrations 

(6) Tvso jjaees ore tn thermal equilibrium when the atcrage hnehc energies 
of the molecules of the two gases are the same “ 

The kinctio theory and tho corresponding molecular theory of liquids 
and gases hove been of great service m helping chemists to form mental 
pictures of many processes vrhioh uould bo otherwise too difficult to con- 
ceive clearly No one pretends that the picture corresponds uath reality, 
but it has been of great assistance m applying tho method of deduction 
and venfication (p 6) Tho theory has its faults , at present, it throws 
no hght on many of the properties of gases, while the applications to hquida 
and sohds have scarcely been touched A great deal of work remains to 
be done There is a school of chemists which repudiates the kinetic thcoiy ^ 
as an esliausted, monjbund hj-pothcais. As a matter of fact, the kinetic 
molecular theory still promises to hve long when we get strong enough to 
grapple with its many difficulties. 

A. D Ristcen (1895) lias compared the results of observation with the 
deductions from the kinetic thcoiy in double columns. Tlie following is 
modified from his scheme 


Besults of Theory 


I Tho molecules of a gas aro all alike 


2 Molecules ate at lelatii oly great 
distances apart, and in constant 
motion, m straight bnes 


3 In a given moss of molecules, tho 
product pv IS proportional to tho 
average kinetic energy per molecule 

4 Diffusion 

fi Tlio average kinttic energy is constant 
for every set of molecules in a mirturo 
of gases 

0 If two sets of molecules have the 
same kinetic energy, and the same 
pressure, they contain the same 
number of molecules per umt volume 


Gases nro homogeneous and show no 
signs of Rotthiig, nor enn tho mole 
miles of any partirular gns in gonerul, 
bo separnted b\ diffusion, into 
gases mth different properties A 
special case — dissociation — will bo 
discussed later 

Tlie compressibibtj, permeabibt}, 
and diffusmij of gasea w great The 
mcomprcssibihti of gases at liigli 
pressures is supposed to bo duo to the 
abnormol crowding of tho molecules 

3 In a given mass of gas tho product 
pv 13 proportional to tho absolute 
tempornturo, etc Tins includes the 
laws of Boyle, Dalton, and Charles 

4 Graham’s law 

6 So far os wo can toll, the temperature 
of coch constituent of a mixture of 
gases IS tho same (see preceding foot- 
nolo) 

6 Avogadro’s hypothesis, ond honco 
also Gay-Lussac^s law (This is not 
a result of observation, but it liaa 
been inferred mdopondontly from 
purely chemical reasons ) 


Results of Observation 


1 


Tho first mkling of the idea that tho observed properties of matter 
may be due to motion of its constituent particles has been traced back to 
Democritus and Lncretius (p 36) The idea did not develop into a 
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physical hypothesis until R Hooke (1076), and D Bernoulli (1738), 
suggested that gaseous pressure must bo due to- the impact of the 
molecules on the sides of the containing vessel The work of T Hcrapath 
(1821), J P Joule (1860), R Clausius (1867), J C Maxwell (1860), and 
others played mxportant parts in the subsequent development of the 
theory 


§ 9 Ultramicroscopic Particles 

IVo are face to face with this extraordinary aitnation the molecule luis 
ceased to be a theoretical abstraction — ^it has become a visible and tonnble 
reality , for we can not only see it, but also * manipulate ” it— not, indfccd, 
with our hands, but bj means of heat, and electricity, and the air pump — 
E E Eoukuiek d’Albe 

In dealmg with particles in an extremely fine state of subdivision, tlie 
milhmotre is an mconvemcntly large standard of reference Tho ^mbol 
p — pronounced “ mu ” — ^is employ^ for tho thousandth of a milhmctrey 
sothatOOOlmm =10“‘*nim == 1m, and /tp— pronounced" double mu” or 
" millimu ” — ^is used for a inilhonth of a millimetre, such that 0 000001 mm 
= 10~® mni = 1mm , and 0 001m = 1m“- 

Ultramicroscopy — ^In practice a good microscope will not clearly resolve 
particles much smaller than ju in diameter, and tho term ultramicroscopic 
particles is applied to particles smaller than this limit TIio ultranucro 
seopic particles cannot be seen with a pouorfiil microscope illuminated in 
tho oidmary manner, because tho light bonds round the minute particle 
and enters the eye just os if the particle did not exist. If tho particles bo 
illuminated by a lateral beam of light, their very smallness enables them to 
scatter the light, so that their presence can bo inferred from the fact that 
each particle is surrounded by visible diffraction rings, just ns surely as 
tho presence of smoko mdicates lire Tlio motes dancing in a beam of 
snnhght would bo invisible but for this phenomenon 

Clear solutions, wth particles too smoll to bo resolved by the most 
powerful microscope, appear more or less opalescent when a beam of con- 
verging hght IS focused mto the solution A solution free from these 
particles would not produce the opalescence, and such a solution is said to 
bo “ optically empty ” This is tho so called Tyndall’s optical test 
The sensitiveness of J Tyndall’s optical test has been greatly developed by 
tho use of a microscope — called tho ultramioroscope — ^by H. Sicdcntopf 
and R Zsigmondy In tho so called ultramicroscope an intense beam of 
light — arc hght, or, better, a beam of bright sunhght — ^is focused into 
the hquid under examination, so that tho hght enters tho hquid at 
right angles to the direction in which it is -view ed under tho microscope 
In one of the earhest experimental methods (1900) of ultramicroscopy, 
a beam of sunhght was reflected from a mirror, M, Eig 38, through a lens, L, 
and focused m the trough of hquid under examination m the field of a 
microscope H transnutted hght be used, the eye is daz^ed by the pro- 
fusion of hght, and it cannot distmguish the shght differences of bnlhancj*- 
caused by the diffraction of hght by the small particles , just as it is im- 
possible to see the stars by dayhght The later forms of the mstrumeiit 
complicated than this, though the pnnciple is the same 
Wlldethe opalescence produced by O^dall’s optical test merely shows 
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that a solution contains a number of distmot mdividual particles in suspen- 
sion, the ultmmorosoopo enables the mdividml particles to be detected 
under conditions -where the most powerful microscope would fail to reveal 
any sign of non-homogeneity. When -vic-wed in the ultramicroscopo, the 
ultramicroscopio particles appear as ghttenng discs of hght with a dim 
or dark background. A solution may thus appear perfectly homogeneous 
-when -viewed imder tho moat powerful microscoiKJ, and jet appear dis* 
tmotly heterogeneous when -viewed under the ultramicroscopo. 

Tho particles which can bo perceived m tho ultramicrosoopc are more 
or less approximately the same order of magmtude as the molecules them- 
selves For instance, ultraimcroscopic particles of colloidal gold, 1 7 /t/t, 
have been measured, and, accordmg to Lobry de Bnijm, tlio estimat^ 
size of a molecule of soluble starch m solution is 5 /ip ; a molecule oi chloro- 
form 13 roughly 0 8 ft/t, accordmg to G Jftger , and a hj’drogcn niolcculo 



Fio 38 — Early Form o£ Apparatus for ITltraraicroscopj , 

according to 0 E Meyer Hence particles smaller 
tha^hc complex molecule of soluble starch have been perceived. 

The defimtion of solutions — Solutions are usually defined as “ homo- 
gencous mixtures wluch be separated mto their constituent 

“'St ordcoantahon alto 

settlmg) This definition forces us back to the distmction hetween 
homogeneous and heterogeneous mixtures, and this, m turn, upon tho 
^nsitiveness of the tests for homogeneity A solution may appew clear 
and homogeneous , the particles m solution may not be separable bv So 
Oleary methoik of filtration , and tho substance in the solution mav 
remain suspended, an mdefimte time , and -vet when Tv ndaP'o nnt « i ^ 
« jpled, opjdcscenoe ^ prova’tt.at 

rarrymg rapidly settlmg partides m suspension , and liqmdswtaoli 
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particles in snspension an indefinite time \ntbout settling, and m wliioli 
the particles are so small that they can onl^ just be perceived by the 
idtramicroscope Consequently, if the above definition of a solution be 
accepted, every time the sensitiveness of the method for detectmg non- 
aomogeneity is increased, a certain number of solutions previously class^ 
IS homogeneous mil probably appear heterogeneous This difBculty can 
be partially overcome by arbitrarfij restnetmg the term “ solution,” and 
iefinmg Solutions ate mixtures vihicli appear clear and homogeneous 
in ordmary daylight, and which cannot be separated mto their con- 
stituent parts by ordinary mechanical processes of filtration through 
paper and decantation after settling Tlus subject mil be taken up 
agam in later chapters. 

The Browman movements — ^If water m which a little lycopodium — 
that IS, the spores of the club moss — is suspended be examined under the 
microscope, the small particles appear to bo mccssantly vibratmg mth a 
dow trembhng motion The phenomenon is named — ihe Browman move 
Aent— after its discovery by R Bromi m 1827 Expenment has diorni 
t^at the motion cannot be due to convection currents set up by small 
aifferences of temperature or pressure, or to any known influence out- 
Bido the hquid. Tie cause of the motion must be sought m the hquid 
Itself. 


The phenomenon is demonstrated ns follows Rnb n fragment of gamboge 
on on ordinary 3x1 glass slip ond place a couple of drops of water 
j P gamboge has been rubbed Gently push o co\er glass up 

to the edge of the gamboge The brisk motion of the particles can now bo rcadm 
seen through a J objcctu e and o dork ground illunuoation 

The kmetio theory of molecular motion seems to furnish the only 
admibsiblc explanation of the phenomenon It is supposed that oivmg 
to the perpetual movements of the molecules of the fluid, the movmg 
molecules are contmuaUy stnkmg the particles, thus dnvmg them irrt^- 
larly , to and fro, up and down, m the hquid. As might be expected, tbo 
mcessant movements become more and more vigorous the smaller the 
parboil There is a big contrast between the apparently sluggish move 
monts of lycopodium, and the vivacious motions of the ultramicroscopic 
particle of, say, Faraday s gold. The latter are described by R Zsigmondy 
wmewhat m follows “ The particles move mth astonishing rapidity 
.A ^rm of gnats m a sunbeam will give an idea of the motion The 
partcl^ hop, ^nce, jump, dash together and fly away from one another 
TO that it is ifficult to get one’s beanngs ” To this must be added the 
fact that if the composition of the hquid remains unchanged, the motion 
m tbe liquid contmues an mdefimte tune mthout ceasing 

By stadymg the movements of the fine particles of gamboge— that is, 
tte dn^ latex of the Oarctma morella— suspended m water, and of 
ex^mely fine particles of silver dust obtamed by stnkmg an elcctnc are 
be^wn Sliver poles-suspended in air, it has been proved that the dis- 

SuSmn vdoabes, and the frequency of their 

^ fme as the kinebc theory assumes to be the case 

exnression ^ Brownian movement is thus an 

^ ? molecular movements usually attnbuted to the molecules 
experimental facts go very near towards 
and ^enbal reality of the molecular kmebc 
^uieory as an e^qilanation of the properties of matter 
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§ 10 . Magnitudes in the Molecular World. 


The abo\e descnptions gi\o no idea of the order o£ the magnitudes wo nro 
dealing with The lonotic theory allows these magnitudes to ho approMinatcK 
commted For air, at atmosphenc pressure, and 0®, the calculations fumisli 
roughly — 


1 

2 

3 

4 

5 


Diameter of a molecule 

Number of molecules 

Distance tra^ eisod between two collisions 

Collisions per second 
Velocity per second 


6 y lO-I cm , 24 X 10“'* inch , 

0 6 mi 

6 X 10” pet c c. ; 24 X 10>» per 
cu in 

0 00001 cm , 0 000004 in , 

10>t;B 

5000,000,000 
41,000 cm , 1600 feet 


Most of these numbers conicy no meanmg to the nund bccaasc the% arc 
utterlv beyond the range of our comprehension The followmg considerations 
will serve to emphasize our mabihtv to form a clear concept of the “ scale of 
magmtudes ” m the “ world of molecules ” First A normal human eve, at a 
distance of 10 mehes, can see objects inch m diameter , witli a good micro* 
scope objects not much smaller than diameter can bo clearlv 

seen, birt tl^ is nearly 6000 times the magnitude of the molecule of an element 
It womd take a^ut 40 000 000 molecules, touchmg one another, to make a row 
an inch loim Second, If all the molecules in a cubic inch of a pas were laid in 
a row, touchmg one another, they would form a line about 36,000.000 miles long, 
and this Imo would e-ctend more than 1000 times round the earth Third, If tho 
gas were magn^cd on such a scale thot a molecule was an inch in diameter, each 
cubic foot would contain about one molecule, and a molecule would then travel 
about 100 feet before it collided with another Fourth. It would take about 6 i 
j care, countmp at the rate of three per second, 24 hours a dav , to count tho number 
r raolcculo with Its’ fcllons even second 
Ft/th, A molecule travels at tho rate of ncarl> a quarter of a mUo per second 


§ II Brown’s Kinetic Theory of the Atoms. 

Like the planets nnd sateUites of tho solar EVstem, tho atoms of a moleculs 
are in harmomous stable movement — ^D MEVDELEErr 

j ^ molecules of a compound retain their 

mdividu^ty? It may be quite true that the properties of a compound 
are mamly determined by the character of the constituent elements, vet, it 
IB not to be rappos^ that there is necessarily any resemblance between the 
prope^es of the elements and of their compounds For instance, the 
pro^^rties of a molecule of, say, water are vciy different from the properties 
® Mnstiteents h>drogen and oxygen Although the atoms of a 
compound molecule do not enjoy a separate external existence, yct,tCTttm 
the molecule the atoms are probably distinct, self contained and self- 
existent, as Lucretius would have expressed it, they ate " strong m their 
sdid smgleness The individual properties of th6 atoms, hovSver, are 
not always unrecognizable m the properties of tho molecules of their 
compounds J Larmor (1908) has well said ec es ot their 

cohesive affimty, the o/ 

not usenually^ly theaZchment of the ^d that^fb modified, ihouyh 

of chemistiy have more than an analogical formula 

m wbK* to a.0 cempS'Stofc'krb^’oSJto 
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ndditively ' with tolerable approxiination from those of the constitnent atoms, 
are difSonlt to explam otherwise 

2 Are the atoms of a molecule at sensible distances apart ? It is 
sometimes asserted that the atoms are at “ insensible ” distances apart, 
and that the atoms of a moleonle are aocordmgly very close together 
These statements have given rise to a misconception, for if the size of the 
atom he tohen as a standard of reference it is probable that in the mole- 
cule the distances of the atoms from one another are comparatively great 

3 Are the atoms of a molecule at rest or m motion ? Some oroum 
stantiol evidence bearing on this question will he discussed towards the end 
of this book S Brown (1843) and D Mendel^eff (1868),® like many previous 
chemical philosophers, picture a complex molecule as a kmd of mmiature 
solar ^stem with, the atoms whirlin g about one another at groat speeds. 
Like the planets and the sateUites, the atoms are supposed to be “endowed 
■with an everlasting motion.” The atoms are further supposed to bo hold 
m position, and to move m defimte orbits owmg to their attraction for 
one another, ]ust os the planets and satelhtcs move m definite orbits 
o^vmg to the action of gravitational forces. MendeUeff, hke Brown, is an 
enthusiast, he says 

Ohemioally, the atoms may be likened to the heavenly bodies, the stars, sun, 
planets, sateUites, eto The bnddmg up of the molecules from atoms, and of 
substances from molecules is then conceived to resemble the buildmg up of systems, 
such as the solar system, or that of twm stars, or constellations from mdividual 
bodies This is not o simple play of words m modem chemistry, nor a more 
analogy, but a reahty which directs the course of oil chemical research, analysis, 
and synthesis 

Acoordmg to this view, a two atom molecule of hydrogen, , lodmo, 
I3 , or oxygen, Oj, might be depicted as a bmary star — ^that is, os a pair 
of stars Each atom m the molecule rapidly revol'ves about the other m 
a regular orbit — an attempt has been made ■to illustrate the idea m 
Eig 116 , a molecule of water, BEjO, ■would be represen'ted by ■three atoms 
revolmng m a similar manner , and a molecule of sulphuric acid nught bo 
depicted os a complex ^stem ■with a central revol'vmg sulphur atom 
around which the other atoms whirl in definite orbits. Eirst would come 
two oxygen atoms representmg the nucleus BOj , outside these would 
encircle two o^gen atoms each ■with a revolTung hydrogen atom as 
satellite The imagmary picture so obtamed would be a kmetic model 
of the molecule (H0)2=S=02, or The chemist determmes the 

constitution of these tmy systems by a process which Martm has compared 
, mth the pluckmg of, say, the earth and moon from the solar system, or 
by mplacmg one planet by another and observmg the disturhmg effects 
of the transposition on the whole system The case of sulphunc acid 
4 be isoi^ed later A kmd of onrery would therefore give a better 
Idea of ^e stoo^ of a molecule than the crude plane formulre usually 
employed. By this analogy, the planets Mercury and Venus represent smgle 


“1 — Additive properties depend on the nature of the 

molecule Each atom oxerte ito own speoifio mVence whSte^^er^ 

4rr?rsrpp"^,”a’sir"'’''”^ ”■““■ 
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atoms , the Earth, Jupiter, and Saturn Tuth thoir moons represent radicles 
— each composed of several distinct atoms so as to form a small suh- 
^stem complete in itself All these mdividuals and sub systems are 
Imked to one another so as to form a balanced or stable molecular ^stem, 
m some respects analogous with the solar system 

4 . Valency — Supposing Brown’s and Mendelecff’s speculations were to 
bo estabhshed by unassailable evidence, that would not alter the value of 
graphic or constitutional formula; So far as these formulse arc concerned, 
It really makes httle difference whether the atoms are actually attached to 
one another, or whether they are held m position by their mutual attractions 
while they are revolvmg about a centre of stabihty Lideed, some assume 
that the conditions — ^temperature, hght, or electncity — ^necessary for the 
foimation of a stable ^stem determine whether a given atom can form a 
stable system wnth 1, 2. 3, other atoms, otherwnso stated, the valency 
of an element is determined by the necessity for harmonizing the 
peculiar motions of the combining atoms to form a stable molecular 
system S Brown expressed the same idea m 1843 , ho said ** Tlie con 
ception can perhaps be made still more lucid by the counter statement in 
astronomy that a sun cannot be overloaded with planets ” Browm’s ^ low 


of valency shows that it is not necessary to postulate a distinct force 
emanating from the atoms m order to evplam how, say, HCl fonns a 
stable molecular system, wbilo HCl, and HjCl do not form stable mole- 
cular g'stems If such sj'stems were momentarily formed, the supci- 
numerary atoms would be immediately flung off Tliero may, of course, 
be a number of different stable systems conesponding with the different 
stable molecules of, say, non and chlorine, FeCl, and FeCIa Tlie plausibility 
of this hypothesis, of course, is not a proof that it is true 

5 The energy of the atoms — Each elementarv atom, ns we have seen, 
presumably has its own definite charge of cnergj^ Tins energy probably 
exists m the form of atomic motions, so that when one atom “ unites ” 
with another atom, each atom possibly gives up a part of its energy, or 
" absorbs ” energy from some o-rtemal source, so that tlio motions of the 
one atom maybe co-minglcd with the motions of the other atoms to form 
a stable molecular system 

6 What makes the atoms and molecules move ? Wo do not 
know* How can matter of itself initiate motion, and particularly 
mohon in a harmomously working ^stem ? Ign^mvs In the words of 
0 Kinpley, “Everywhere, skin deep below our boasted science, wo are 
brought np short by mystery unpalpablo and by the adamantine walls of 
tranMendental forces and incomprehenBiblc laAVS » Consequcntlv tlio 
kinetic thanes of atoms, of molecules, of the planctaiy systems,’ and 
indeed of the solar system itself, all preaenbo or postulate an initial state 

which 13 self-suBtaraed and self.regulated Guesses at the 
birth-history of these motions have been wluspered only by the wets 
Thus, in the oft-quoted hnes of Virgil ^ ^ poets 


Know first, tbe lioavon, tho cai-th, tlio mnin, 
TIio moon’s palo orb, tbe stony train, 

Aro nounshed by a soul, 

A bngbt mtelligonco, whoso flamo 
Glows m each member of the frame. 

And stirs the mighty whole 
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§ 12 The Effect of Molecular Attraction on an Expanding Gas 
— ^The Joule-Thomson Effect 


If a gas, whose moleoules exert no attraction on one another, be confined 
m a suitable vessel, and compressed, the mechanical work employed m 
compressing the gas is equivalent to the product of the pressure mto the 
change m volume This energy is transformed into an eqmvalent amount 
of heat iihich raises the temperature of the gas. On the other hand, if 
the gas expands agamst atmospheno piessure, the gas will be cooled 
because the gas itself has done a certain amount of work equivalent to the 
product of the atmospheno pressure mto the change m volume 

No heat is developed when an ideal gas expands mto a vacuum because 
no external work is done by the gas 'fins was established expenmcntally 
by some earlj experiments by J L Gay-Lussac (1807), and by J P Joule 
(1845) Compressed air was allowed to expand mto an ^aouated vessel, 
and the result, as Joule expressed it, was as follows ^“No change of 
temperature occurs when air is allowed to expand m such a way as not to 
develop meohanical power ” i Hence, it was also inferred that no work 
IS performed under these conmtions agamst mter-moleoular attractions. 
Our study of Boyle’s and Charles’ laws has taught us that mter-mole- 

cular attractions occur with most 
gases. Hence, this latter deduc 
tion might be questioned The 
exi>enments, however were not 
sufficiently sensitive to detect 
the small change of temperature 
which occurs when a gas expands 



Fio 30 — Joule Thoiuson EfiTeot. 
gas, mtemal work is done agamst 


in racno, so that although no 
external work is done by the 
molecular attraction The molecules 


are tom apart, so to speak, against the (feeble) attractive force drawmg 
them together This involves an expenditure of energy — ^work must be ^ 
lone 


Later, in a more dehcate experiment, J P Joule and W Thomson 
(Lord Kelvm) — 1852-62 — forced a steady stream of gas under a pressure 
P 2 slowly along a tube. A, Fig 39, m the direction of the arrow s, through 
a small orifice, 0, where it expanded agamst the pressure For the 
sake of simphoity, suppose the tube AB has unit sectional area, and that 
it is mode of some material which docs not conduct heat away from the 
gas. Two phenomena occur (1) the gas is shghtly heated by friction 
as it passes through the onfice 0 , and (2) the gas is cooled as it passes 
through 0 against a pressure p-^ 

Suppose a piston A, Fig 39, moves from left to right so as to dnve a 
volume of air, Vo at a pressure pn mto the compartment BO The work 
done on the gas is obviously p^^ Similarly, the work done by the gas 
os it pushes the piston from, say, ~Bia 0 through a distance Vj will be PiV^ 
Hence, if the gas obeys Boyle’s law, we shall have p-^^ = and there 
ivill be no vanation of temperature of the gas on the side AB and BO If, 
however, work be done against molecular attraction dunng the expansion 
of the gas the work of expansion on the side BO will exceed the work of 
compression on the side AB The extra work will absorb heat from the 
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gas itself Hence, the gas on the side BC will he cooled below the tem- 
peratore of the gas on th^e side AB In Joule and Tliomson’s experiments, 
the temperature of carbon dioxide, nitrogen, oxygen, and air fell about 1 ®, 
while the temperature of hydrogen gas rose about 0 039° above the tem- 
perature of the gas on the side AB If, however, the experiment be con- 
ducted at a loner temperature, hydrogen gas bchai cs like the other gases, 
and IS cooled The change of temperature which occurs when a gas is / 
driven through a small orifice is called the Joule-Thomson effect 


§ 13 The Liquefaction of Gases. 


■When a gas, passing through an orifice 0, Fig 39, and cooled by the 
Joule-Thomson effect, is made 
to circulate around the tube 


^tr aUers 
at 200atni. 
pressure 


A tr issues . 
at ZOatm 
pressure 


leading the compressed gas to 
the orifice, the gas issuing from 
the orifice will be cool^ still 
more. The “ self mtensivc ” or 
cumulative ^sterns for cooling 
gases, elaborated by C Lmde, W Hamp- 
son, and C E Tnpler, between 1894-95, 
are based upon this principle The idea 
will be understood after an examination of 
Fig 40 The air to be hquefied — ^fieed from 
carbon dioxide moisture, organic matter, 
etc — enters the mner tube of concentric 
or annular pipes, A, under a pressure of 
about 200 atmospheres This tube is 
hundreds of yards long and coiled spirally 
to economize space By regulating the 
valve C the compressed air suddenly 
expands in the chamber D Tlie air thus 
chdled passes back through the tube B 

which surrounds the tube A con\ eying the Fig 40— Lindo’s Apparatas for 
incommg air The latter is thus cooled I-iquorj mg Air (Dingrnmmatic) 
still more Tlic gas passes along to the pumps nlicre it is returned 
with more air to the inner tube In tlus manner, the mcoming air at 200 
atmospheres pressure is cooled more and more as 
it issues from the jet 0 Finally, when the tem- 
perature IS reduced low enough, drops of liquid air 
issue from the jet The tubes must all be packed 

m a non-conducting medium — ^wool, fcathei-s, etc 

to protect them from tlie external heat 

Preserving liquid air. — ^There is a far greater 
difference between the temperature of hquid air 
(about •—190°) and ordinaiy atmospheric air, than 
between the temperature of ice and boiling water 
He preservation of hquid air is thus a far more 
difficult problem than would be involved m 



'liUfUid/tir 





Fio 




41 — ^Dewar’s 
Flasks. 


surrounded by a steam lacket 
at 200 James Dewar solved the problem by keepmg tL hqmd Jr in J 
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double (or triple) walled vessel with the space between the walls evacuated, 
Fig 41 Glass IS a poor conductor, and a vacuum is a non-conductor 
Hence, the hqmd in the mner vessel can receive heat only from above, 
and by radiation The glass walls of the evacuated space are also silvered 
to reduoo the effects of radient heat. Still air is a very bad conductor, 
so that the open end of the vessel is plugged hghtly with cotton wool in order 
to reduce the ingress of heat from outside to a minimum In this way, 
hqmd air is transported by rail, etc , with a surpnsmgly httle loss. 




Botltng 

'lu/aidHtr 


§ 14 The Manufacture of Oxygen and Nitrogen from Liquid Air 

Linde’s process — ^In Linde’s process (1895), punficd air is com- 
pressed to about 200 atmospheres, and driven along a pipe which 
divides at A, Fig 42, mto two streams and then passes down the intenor 
amprtssedao- double set of annular or con- 

j^=. 2 oaatm! oentno pipes similar to the worm tube, 
Ox pressure p.jg mner tubes finally 

Mtngmat unite into one smgle pipe, B Tlio air 
pressure then passes through a spiral 8, vi& the regu- 
lating valve R, and finally streams at 0 
into the collecting vessel The action is 
here similar to that described in the process 
for the hquefaction of air. Fig 40 After 
a time, the am is hquofied m the colleot- 
ing vessel about the spiral 8 The more 
volatile nitrogen boils off more rapidly 
than the ovygen Hence, a gas noh m 
nitrogen passes up one of the two annular 
outer pipes as mdicated on the left of 
Fig 42 Tlie liquid noh m ovygen is kept 
at a constant level by means of the valve, 
and thus the rate at which the hqmd 
Fia 42 — Linde’s Apparatus for u'*” *u the collecting vessel is allowed to 
the manufacture of Oxygon bod is also regulated. The oxygen posses 
mXo) (Diagrom from this tube on the nglit of Fig 42 along 

, , fhe outer annular pipe, and finally emerges 

from the apparatus whence it is pumped into oyhnders, etc , for use. 
If the valves are all properly regulated, the mruslung air is cooled by 
the counter currents of oxygen and mtrogen. Tlio two latter gases pass 
along the tubes as mdicated m the diagram. The tubes, etc , are all well 
msulated with non conductmg matonals— feathers, wool, etc By this 
jmocess oxygen can be obtamed os pure as is commercially desired, but 
the escapmg mtrogen contains over 7 per cent of oxygen The ongmal 
apparatus has been much ^proved, but Fig 42 lUuAiates the underlraig 
prmciple ve^ weR^ G Claude has said “ We must salute m thil 
1 ^ maohmes, for it was the first to 

^ manufacture of oxygen from hqmd air is commeroiaUy 

Claude’s counter-cunent process of rectification -An improvement 

® ®"‘‘Wes practicaUy piSi oxygen 

and mtrogen to be obtamed IVhen hqmd air evaporates, the rntro^n- 
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more volatile thau the oxygen — escapes first, and the gas winch conics from 
the hqmd during the earner stages of the evaporation contams so little 
oxygen that it will extinguish a lighted taper , as evaporation contmues, the 
cscapmg gas becomes noher and neher m oxygen until at last the cscapmg 
oxygen is almost free from mtrogen Smularly, if oxj'gen be bubbled 
through hqmd air, the escapmg gas contains about 93 per cent of mtrogen 
— oxygen condenses from the nsmg bubbles, and mtrogen takes its place 


A diagrammatic sketch of Claudo’s apparatus is shoivn in Fig 42 a The 
cooled and purified air enters the lower port of the apparatus at a pressure of 
about 6 atm and rises tlirough a senes 

Mtrogen. 


uchi 

of \ertical pipes Psurroundcabs liquid 
oxygen, where it is partially hquefaed 
Tlio hqmd containing about 47 per 
cent oxygen and 53 per cent ofnitro 
gen drains mto the lower \esscl A Tho 
vapour which lias survived conden* 
sation enters S and then descends 
through a rmg of pipes C arranged 
concent ncally about the sot previously 
desenbed Here all is hquefied Tho 
hqmd which ultimately collects in this 
vessel D is very noh in mtrogen Tho 
pressure of the xapour in tho central 
receptacle forces tho liquid nitrogen 
to enter tho summit of the rectifying 
column E, and the hquid, contaming 47 
per cent of oxygen, is likewise forced 
to enter tho rectifying column at F 
loner down Tho pressures and rates 
of flow are regulated by tho cocks RR 
The hquid nitrogen is 3® or 4“ lower m 
temperature than tho hqmd nch in 
oxygen N itrogcn e% aporates from the 
down streaming hqmd, and oxygen 
' condenses from tho up streaming gases 
Tho heat supplied by tho condensation 
of oxygen helps on tho c\ aporation of 
mtrogen Consequently, tho descend- 
ing liquid goto progressn ely neher and 
nchcr m oxygen, and tho ascending 
gases richer m nitrogen Tho liquid 
oxygen drains into tlie receptacle G, 
and 18 there evaporated by the latent heat of tho gases condensing in the tubes 
Finally, oxygen contaming from 2 1-0 4 per cent of nitrogen posses from tho 
oxygen exit, and nitrogen containing 0 2 to 1 percent of oxygon escapes at tho 
top of tho rectifying column ^ 



Liqut 
Mtrogen^ 


Apparatus for tho 


Fin 42 a — Claudo’s 

separation of Oxygon *from Liqmd Air 
(Diagrammatic) 


These processes enable oxj'gen and mtrogen to bo made comparatively 
cheaply — one ton of coal for dnving the compression apparatus is said to 
furnish one ton of oxygen and four tons of mtrogen As Lmdo says, " the 
heat IS eliminated from the air exclusively by the expenditure of mtemal 
work,” that is, the work required for the hquefaetion of these gases is solely- 
spent m separating the molecules of the gases from one another against 
their mter-moleoular attractions 


Question. 

On tho hosis of the Kinetic Tlieoiy deduce a relationship Iwtwcon the 

‘ts molecules^ Culculato tho 


molec^ar weight of an ^owygaswhicW^^ 

I oxygen to diSuso through on aperture —hhejlicld Vmv 


1 117 times as long as 



CHAPTER Yin 


Oxygen 


Atoimo TTBight, O = 16 , molecular weight O* := 32 , m or quadn voloiit 
Meltmg point, —227°, boiling point, —182 6®, ontioal temperature —110" 
Relative vapour density (H, = 1), 31 702 , (air = 1) 1 1045 One btre of oxygen 
at 0", 760 mm , and at latitude 46® at sea level, vreicha 1 4202 i ' " 

A annpt t.j. ® ‘ 


occupies 0 6007 litre 


! grams, and 1 ^am 


§ 1 Ojgrgen — Occurrence and History 

Occurrence — ^About one fourth of the atmospheno aur, by weight, 
consists of free oxygen, and water contains nearly 89 per cent of combmed 
oxygon Oxygen also forms a material part of rooks It is estimated 
that nearly one half of the total weight of the rooks which make up the 
half-mile crust of the earth is oxygen, see p 9 

History — Harl Wilhelm ScJmplo's laboratory notes, preserved in the 
Royal Academy of Seionoe, at Stockholm, are said to prove that Soheelo 
(hscovered oxygen gas some time before 1773 Soheelo caUed the gas 
fire air ” and “ vital am ” Soheelo made oxygen by heatmg red oxide of 
' mercury , sulphuric acid and manganese 

dioxide , mtre , and some other sub 
stances. Soheele did not publish an 
account of his work until 1777 Mean- 
while Joseph Pyiestl^ mdopondently 
prepared the same gas, which he called 
“dephlogisticated oir,” while examining 
the effect of heat upon a great variety 
of substances confined m a oyhnder 
{A, Fig 43) along with merouiy, and 
inverted in a trough of mercury, some 
what as m Fig 43 Pnestley focused 
the sun’s rays upon the different sub- 
stances by means of a '* bunung lens 
of 12 mches diameter, and 20 mohes 
focal distance " Pnestley announced 
his discovery of oxygen m these 

I presently found that by means of this lens, air was expelled from 

’ bSk’rf mv got about three or four times aTmuch as 

bulk of my niatcnalB, I admitted water to it and found that it was 

‘ That 13, mercuno omde, or red oxide of merouiy 



43 — ^Pnestloy’s Experiment 
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not imbibed by it But uhat surprised me more than I can Mcli cxpicts, 
Mas that a candle burned m this air with a remarkable brilhant flame 
Manj' erring steps have stumbled on the threshold of the discovery of 
ovjgen, for instance, Eck de Sultzbach, in 1489, knew that red oxide 
of mercury gave off a “ spint ” when heated , had ho named and 
isolated the spirit ” ho would have been credited mth the discovery 
of ojygen There are idso mdications m old books that the Greeks 
kncM' about oxygen in the fourth century, and that the CJhmeso wore 
acquainted mth the gas long before Priestley’s and Scheele’s expenmonts 


§ 2 The Preparation of Oxygen 


Mercuric oxide process — ^IVhcn a supplj of oxygen is rcqmrcd for 
experimental purposes, tlie apparatus can be arranged differently from 
Priestley’s plan The mercuric oxide can be placed in a hard gloss tube 
^,Pig 44, bent as shown in the diagram, and fitted with a cork B, and bent- 
gloss dehvety tube C One 
end of the dehvery tube 
dips m water. Fig 9, or in 
special cases, m mercury, 

Fig 44 The mercury 
gas-trough shown at D 
can be worked with 5 lbs 
of mercury, and it is 
convement for collecting 
small quantities of gas 
when it is desirable to 

keep the gas out of con- Fio 44 — Preparation of Oxygen 

tact with water In 



most cases, of course, the ordinary water pneumatic trough. Fig 9, mil 
bo used. The temperature of the vessel containing the mercuric oxide 
IS gradually raised. The air m the tube is first dnven off and allowed to 
escape I^ter, globules of mercury begm to collect m the upper x>«irt of 
the tube, and oxygen is given off The mercunc oxide decomposes* 
The oxygen is collected for examination, tho 
mercury collects m the bend E, and there is no risk of mercniy running 
back on to the hot glass and cracking tho tube 10 grams of mercunc 
oxide give not quite half a htro of oxygen 

Many other oxides are available— e,gr goll.andJSilver oxides Jecomposo 
at lower temperatures than mercury oxide, m luleynangapesc peroxide (pyro- 
lusito) decomposes at a higher temperature Unlike silver, mercury, and 
gold oxides, manganese oxide does not break down into the corresponding 
metal and oxygen, but rather into a complex oxide similar in composition 
to the mmcral hausmonmte — kIhgO, The reaction is Eymbohzcd* 

silver, and mercunc oxides aro not often 

used on account of the expense 


The action of heat on potassium chlorate —Potassium chlorate is a 

molts to a clear hquid when heated to about 
chlorate appears to boil, because 
bubbles of oxygon gas are copiously evolved The potassium chlorate is 
decomposmg ^en the hubhlmg ceases, the molten mass begms 
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“ thicken ” or sohdify The po tassium chlorate has decomposed int o po taa- 
Slum perchlorate, pojte^um cfilpnde, and o xyge n If the temi>eraturo he 
raised rtilllurt&r — o ver 60 0°— 4h^ mass agam melts to a clear hquid and 
the potassium perchlorate decomposes, giving o£E more oxygen The final 
products of decomposition are notassium . oh l ondc and ox yg en Hence, 
potassium chlorate con he used m place of mercuric oxide for the prepara- 
tion of o^gen gas Ten grams of potassium chlorate will give nearly 

2i htresof oxygen ^e amount 
of oxjgen given ofiE hy heatmg a 
defimte weight of merounc oxide 
or potassium chlorate can he dc 
termmed hyplacmg about a gram 
of, say, potassium chlorate, dned 
at 160°, m a hard gloss tuhe (7, 
Pig 45 Care must ^ taken that 
no chlorate sticks to the side of 
the tuhe or it may escape the 
action of heat The mcrcaso m 
a eight of the tuhe before and 
after the introduction of the 
chlorate represents the amount 
of chlorate used After the 
chlorate has been heated, very 
gently at first, and aftenvards 
very strongly, cool, weigh the 
tuhe, and also measure the 
volume of oxygen in the burette 
The mampulation with the 
burette is the same as desenbed 
for Fig 32, p 94. The loss m 
weight of the tube represents 
the amount of oxygen which 
Fig 46 -—The Detenrnnation of Oxj gen has been expelled , and this 
evolved by^at^ Potassium 

the weight of the gas calculated 
from the volume measured m the gas burette, if the measurements are 
accurate 

The pptassuimjBhlorate decomposes completely at a much lower tem- 
perature if it be mixed with manganese.,^oxide Manganese dioxide, 
when heated alone, does not give off oxygen below 400° , potassium chlorate 
alone docs not give off oxygen below about 340° , a mixture of the two 
gives off oxygen at about 2QDL After the action, manganese dioxide still 
remains, but the potassium chlorate has decomposed mto potassium 
chloride and oi^gen. Manganese dioxide can be recovered from the 
residue by hxiviatmg the mass with water The water dissolves the 
potassium chloride, and leaves the manganese dioxide as a residue 

H potassium chlorate bo suddenly heated to a temperature above that 
at which dooomjposition occurs, the salt may detonate in an open vessel 
^dor ordinary pressure Some disastrous explosions have been produced 
by potassium chlorate M. Berthelot’s experiment (1890) illustrates the 
explosive nature of this salt 
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One end of a glass rod is drawn out into a thread, and the narrow end is dipped 
several times in melted potassium chlorate so that each lajer of salt solidifies 
before the rod is dipped agam When a bead has been formed at the end of the 
rod, dip the rod mto a tost lube heated red hot at ono end so that the salt is about 
a centimetre from the bottom of the tube Take care not to touch the sides of 
the tube As the chlorate melts, it slowly drops to the bottom of tlie test tube , 
each drop of chlorate as it falls explodes with a sharp detonation 


Potassium chlorate process for tnakmg oxygen — For regular cxpeti- 
mental work, oxygen is prepared by heating a mixture of i>otassmm chlorate 
(not ixiwdored) nuth its own bulk of manganese dioxide * — oxgyen mixture 
— a uide-iiecked Florence flask or a retort, or a special copper “ oxygen 
flask,” - fitted inth a inde dehveiy tube, because the gas is liable to come 
off ropidly in rushes The flask is best clamped while tilted slightly 
downward towards the month, as indicated in Rg 46, becau^ a 




Fig 40 — Tho Pieparation of Oxygen 


Fio 47 — Tho Preparation 
of Oxygen 


considerable amount of moisture is usually discharged from the mixtuie, 
OTd there is a risk of the moisture trickling back and cracking the glass" 
The gas is collected over water as m the case of hjdrogen 

Peroxide method — A third method of prepaniig the gas depends 
upon the fact that sodium dioxide— also called commercially “ oxone ” 
—is decomposed by water into sodinm Indroxido and oxygen 2Ns„0> 
db^iO^-4NaOX,i:„Oa Place about 10 grams of dry sodium dioxide 
in a diy 200 c o Erlciimeyer’s flask. A, Fig 47. Tlio flask is also fitted 
wth a stopper B bored with tuo holes One hole is fitted with a delu eiw 
tube G, and the other hole •with a tap funnel G containing uatcr The 
water from thefnmicl is allowed to fall, drop by diop, on to the peroxide 
Bach drop of wat^r produces a definite amount of gns, so that the mte of 
evolution of the gas can be regulated by the rate at uhicli watei is allowed 
to drop from the funnel No external apphcation of heat is required. 
GJ grams of the peroxide give about a btre of oxygen ^ 

PermangMate proc^ ^Rlany other methods arc available for llie 
preparation of oxygon Hcatmg sulphuric acid wth manganese dioxide 
thTlS acid, potessium dichromate, potassium permanganate, etc In" 

meh 80-100 0 0 of dilate salphurio acid (one voluaio of tho coiioenWd 

• If tho manganese dioxide contains carbonaceous i 

may occur Hence the manganese dioxide should bo^j,w*i,^k ? 
with Mtaasium chlorate beforla large quantitv Sieated*^^ ^ ^ boating a little 
■ 40 grams of tlio oxygen mixture may be used wth a 2C0 c c flask 
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aoid with four volumes of water) in n flask with a delivery tube and safety 
funnel os in, say. Fig Oxygen begins to come of! -wlien the tempera 
ture IS about 60", and continues in a steady stream Ten grams of the 
'permanganate with betiieen 40-60 co of the dilute sulphuno acid gl^o 
]U3t over a litre of gas 

v^Industnal preparation — ^Tlio particular process to be employed must 
bo determined by cost and convenience If but a feu litres of gas, not 
specially purified, are required, cost is not very serious, and coni cnicncc 
IS perhaps the most important factor , if pure oxygon bo required, a com 
plicated apparatus maj bo needed, and neither cost nor labour must be 
spared. An elaborate apparatus may be needed to remove traces of 
impuntics — say, traces of ozone and cnlormo from tho oxygen Pure 
potassium chlorate alone will give a gas of a high degree of purity This 
metliod of preparation nns used by Morlcy — ^p 46— m his work on tho 
atomio weight of oxygen If largo quantities of gas are needed, sn\ for 
mdustrial purposes, the cost factor is of prime imiiortanco Generally 
sjicakmg, tho success of industrial operations depends upon tho abiliti 
of the ohemist to manufaoturo his products cheaply Oxygen 'was formerh 
mode on a manufacturing scale by Brin’s process (1881) This depends 
upon a very interesting reaction BTion barium oxide — ^BaO — is heated 
in air to about 600°, it is rapidly oxidized to barium dioxide 2BaO 4* Oj 
= 2Ba02. If the barium dioxide bo heated to a still higher temperature, 
800°, the oxygen is given off and barium oxide remains ns a residue 
2Ba02 5= 2BaO + Oj Tho barium oxide can bo rcoxidizcd and used 
over and over again, provided the air be freed from carbon dioxide, organic 
matter, dust, and any substance which forms a compound with barium 
oxide which is not decomposed under tho given conditions. Tho regulation 
of tho temperature offered practical difficulties nliich ncrc overcome by 
kcepmg tho temperature constant m tho vicinity of 700° Banum oxide 
IB then transformed into tho dioxide if the pressure of the atmosphere bo 
about 2 kilos per square cm ' Tlio peroxide is decomposed into tho oxide 
and oxygen at tho same tomperaturo under a reduced pressure — about 
0 05 kilogram per square cm The gas pumped off under these conditions 
(xmtamed about 90-98 per cent of oxygen, and 4—10 per cent, of nitrogen 
ifBrm’s process could not compote successfully against tho cheaper 
method of preparation by tho fractional distillation of hquid nir (p 120) 
Nearly all the oxygon on tho market is now obtained by the liquid air 
pxioess Very httlo is obtained by tho clcctrolytio process mdicated on 
p 93 The oxygen is pumped into steel cyhndcrs under a pressure of 
100-150 atmospheres, and sold as “ compressed oxygen ” Tho gas may bo 
cbtamed from tho cylmders ot any desired rate by opening the valve 

§ 3 Catalysis 

The action of manganese dioxide on tho dccomposmg clilorato is very 
curious It acts as a stimulant. We do not know precisely how the 
manganese peroxide does its work, although wo can form a rough idea of 
what IS takmg place. Many other oxides act sinularly, but not qmte so 
■vigoroudy R.g joinc, copper, cobalt, or niokcl ^p^'^do may bo used m 
place of manganese oxide It is qmto a common thmg to find that tho 

1 Nomiaily tho atmospheno pressure is 1 033 kilogranis per square cm 
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speed of reactions is accelerated or retarded by the presence of a “foreign 
substance whose composition at the end of the reaction is the same as it 
was at the beginning We met two cases in connection with the combus- 
tion ot hydrogen — ^platinized asbestos, and moisture Tlicse agents are 
conveniently grouped together as ** catalytic agents,” and the general 
phenomenon is called “ catalysis ” It must be clearly understood that 
** catalytic reactions ” is simply a term for grouping those reactions 
whose speed is modified, or for those reactions which can be started 
by the presence of a small amount of a substance which is found to 
possess, at the end of the reaction, the same chemical composition 
as it had at the beginning The catalytic agent may bo affected by 
mtcraotioii with the products of the reaction, etc — see “ Consecutive re- 
actions” (§ 6) The word “ catalysis ” itself explains nothing To think 
otherwise ivo^d lay us open to Mophistopheles* gibe 

A potnponfl word will stand you instoad 

For thot which will not go into tho head 

This means that too much trust must not bo placed in words It is just 
when ideas fail that a word comes in most opportunely There is no 
difficulty in covenng an obscure idea by a w'ord so that tho word 
appears to cxplam tho idea In passing back from the word to tho idea, 
it becomes ea^ to believe that tho “subjective abstraction has an 
objective oxistonco,” or that because there is a word, something real 
must ho behind the word 

These remarks about tho term * catalysis ” might be applied, nmiaiis 
mniandts, to many of tho terms m common use m ohcmistiy' — “ passive 
resistance,” “ chemical affimty,” the “ ions ” of tho lomc theory, etc. 
Ostwald ingeniously compares the action of a catalytic agent ivith the 
action of oil on a machine, or of a wlup on a sluggu-h liorsc Ostw'ald, 
and lus followers, behove that the reaction wit«{ bo actually in progress 
before the catalytic agent can act Tins hmitation is quite arbitraiy and, 
so far as wo can sec, does not agree with all tho facts Catalytic agents 
can start, accelerate, or retard the speed of chemical reactions. 

§ 4 The Properties of Oxygen, 

Oxygen, like air, is at ordmary temperatures, a colourless, tasteless, 
and odourless gas It is a httle heavier than air 

Litre of normal air (700 mm and 0*) 1 202 grams 

Litre of oxygon (760 mm and 0®) 1 429 grams 

Oxygen is appreciably soluble in water — 100 volumes of water, at 0“, 
can dissolve nearly 6 volumes of oxygen under a normal pressure of 760 ram , 
and at 20° about 3 volumes of tho gas arc dissolved. Fish are dependent 
upon the air dissolved m wwter for the oxygen they need for respiration 
Ammals are dependent upon tho oxygen m air for respiration. A 
mouse soon dies if placed m an atmosphere deprived of o-q?gcii Pure 
oxygen can be breathed for a short time without harm, and oxygen is used 
mediomally m artificial respiration m cases of suffocation,* carbon 
monoxide poisomng, etc , where, owmg to tho enfeebled notion of the 
lungs, the blood is not sufficiently aiirated The prolonged inhalation of 
oxygon soon raises tho temperature of tho body dangerously high. An 
ammal placed m ordmary or m compressed oxygon soon dies. 
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Metallio silver, gold, platinum, and palladium absorb oxygon at about 
i 600° Molten silver dissolves about ten times its volume of oxygen, and 
gives it up agam on coobng In cooling, a sobd crust forms on the 
oxtenor surface, as the mtenor cools, the gas bursts throu^ the sohd orust 
dnVmg out a spurt of the still fiLmd metal — ^tho phenomenon is called the 
“ spiting ” of ^ver Molten platmum behaves m a somewhat similar way 
Oxygen has been condensed to a bluish coloured mobile hqmd at 
—119° under a pressure of 60 atmospheres. If the temperature exceeds 
—119°, oxygon cannot bo hquefiod by any pressure however great. The 
smallest pressure which will hquofy oxygon at —119° is 60 atmospheres. 
The temperature —119° is theroiore the ontical temperature, and 60 atmo 
spheres is the ontical pressure of the gas. Liquid oxygen boils at 
—182 6°, pressure 760 mm. The hqmd has a specific gravity of 1 13, 
that IS, hqmd oxygen is 1 13 times os heavy as an equal bulk of water 
laqmd oxygen can bo frozen to a pale bluish white sohd not unhko snow 
m appearance The sohd melts at —227°, and has a specific gravity 1 43, 
With the notation used before 


- 227 ° -182 6 “ 

solid “ liquid “ Oxygen 

Liqmd oxygen is strongly attracted by a magnet Liqmd oxygon furnishes 
an mterestmg explosive when mixed with charcoal, 3 cm cartndges charged 
with one part carbon, one part petroleum, and eight parts of liqmd oxygon 
were tried expenmentaUy when outtmg the Simplon tunnel The chief 
objection is that the cartndges must bo used ivithm three mmutes after 
chargmg, or the oxygon will evaporate This objection might bo an 
advantage under some ciroumstanoes 

i Oxygen is used m conjunction with hydrogen for the oxy»hydrogen 
fiame (q v ), and with acetylene for the oxy acetylene flame used m weldmg, 
|eto Oxygen is used m bleachmg, m the oxidation and thiokenmg of 
‘oils to bo used m makmg varnishes, Imoleum, etc 

The great chemical activity of oxygen is well typified by Pneatloy’a 
quaint observation, indicated on p 128 A glowmg sphnt of u ood (“ cedar 
sphnts ”) when plunged mto oxygen bursts mto flame, the carbon of the 
wood bemg oxidized to carbon dioxide (CO j) The inflammation of a glowing 
sphnt IS often used as a test for oxygen Oxygen alone has no action on 
clodT lim6 water, but after a splint has burnt in the gas, the clear hmo^vatcr 
becomes turbid Oxygon oombmes directly with most other elements, 
particularly at elevated temperatures, fomung oxides lodme, bromine, 
nuonne, gold^ platmum, and mrgon and its compamons do not combine 
erectly -OTth oxygen , but oiygen combmes mdmectly with all the elements 
exowtmgJhe_ argon group ot elements, fluorme, and possibly bromine 
^ the metau bo arranged m the order of their avidity or readmess to 
TOmbum 'wth oxygen, caesium, potassium, and sodium will be found at 
bne end of the senes, while platinum and the argon family iviU be found 
at the other end. 


/The toot combination of oxygen with some of the elements can be 
illustrated by plaomg small dry pieces of carbon, sulphur, phosphoius 
m deflagrating ^oons, heatmg them until combustion begins, and then 
p ungmg each mto a jar of oxygon ^ The gloivmg piece of charcoal bums 

JarB*forthMf^li^nt8“” “ doflagratmg spoon mute oxcoUont gas 
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very brightly and forms a gascons ovidc — carbon dioxide, COo Sulghuf 

bums ■with a lavender-blue flame, formmg gaseous sulphm dioxide 
SOn — ^which has the peouhar odour charaotenstio of bummg sulphur 
The reaction is symbolized S -J- Oj = SOo , sulphur dioxide is soluble 
in ■water formmg sulphurous acid — "ELnSO ^ — winch reddens blue htmus 
solution— HoO -f- SOo = HjSOg The “expenment can be conducted as 
recommended by F Rudorff, Fig* 48 The two-necked globe is corked at 
one end and filled vnth oxygen at the pneumatic trough m the ordinary 
manner, one neck is alloiied to dip in a beaker of 'water as sho'wn in 
the diagram When the deflagratmg spoon, fitted wnth a tightly fitting 
cork, 18 inserted ■vnth the burning sulphur mto the 
globe, the water, coloured mth blue htmus, nses in 
the vessel as the sulphur dioxide is absorbed At 
the same tame the htmus changes m colour, showing 
the formation of an acid durmg the bummg of the 
sulphur I^osphorus bums m oxygen vigorously 
and bnlhantly, forming a white cloud of phosphoras 
pentoxide — ^PoOj The reaction is represented 

4P -f 50n — SPaOg The phosphoras pento'ade dis- 
solves m water, forming phosphonc acid — ^HgPO^ 

The reaction is ■wntten F2^o + SHoO *= 2H3PO4 
These reactions will be studied in more detail wlien 
the elements in question receive mdividual treatment 
It might be added that dry sulphur, diy 
phosphorus, and diy carbon bum with great diffi- 
culty or not at all m dry o'^gen In fact, perfectly] 
dried substances often appear to be chemicallyl 
inert, whereas they react ■vigorously if a trace of? — RUdorfl’s 

moisture be present " 

To show the combustion of iron in O'^gen gas, tie a tuft of “ stool wool " 
to the end of a stout iron wire bylneans of a piece of steel wire Heat tlio 
end of the wool m a Bunsen’s flame, until mcipient combustion begins, 
and qmckly plunge it mto a jar of oxygon on the bottom of which a layer 
of water, sand, or asbestos paper has been placed Tlic wool bums with 

dazsdmg scintillations, the product of the reaction — ^iron o'xide falls to 

the bottom of the jar in fused globules "Wlien cold, the oxide of iron 
resembles a blacksmith’s hammer «jale It is called black 01 ma»»nctic 
oxide of iron— FegO^ The reaction is usually written 3 Fe + 20 „ 
~ FC3O4 The subject of oxidation and combustion 'will bo resumed m 
a later chapter 



§ S Consecutive Reactions, 

Let us return to the action of heat on potassium chlorate Tlio repre- 
sentation of a chemical reaction by means of an equation emphasizes tho 
character of the mitial and of the end products of the reaction, but it con- 
veys no idea of the mechanism of the reaction— Ijoie the different materials 
mtei^t to give the final products. There can be no doubt that quite a 
number of mtermediate stages temporarily subsist before the drama of 
ttie reaction closes with the final act— the fomiation of the end products 
Tlicro 18 plenty of evidence leading us to infer the existence of a kaleido- 
scopic sequence of changing scenes during the progreas of what are usually 
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considered simple reactions. Some suppose that water has no more right 
to representation in the chemical equation than the glass of the vessel in 
which the reaction occurs. As we progress in our studies, wc shall And 
that water profoundly modifies the properties of most substances with 
which it IB in contact — e.g the mfiuence of moisture on the oxidation of 
ihydrogen, sulphur, etc. The regular type of chemical equation shows 
[but the beginnmg and the end of the reaction 

As a result of qmte a number of experimental investigations on the 
decomposition of potassium chlorate, and a study of the available cir 
cumstontial evidence, we ace able to get, m imagination, a peep bchmd the 
curtam which hides the course of the reaction Firstly, it is not quite 
correct to say that the manganese dioxide is not changed m any way 
durmg the reaction because a microscopic examination of the manganese 
jdioxide, before andaftor the reaction, showsthat it has undergone a physical, 
'if not a chemical, change — orystalhne manganese dioxide apparently 
becomes amorphous. The manganese dioxide does appear to take part in 
the reaction m spite of the fact that it has the same chemical compositicn 
at the end as it had at the begmning Secondly, the manganese dioxide 
IS probably oxidized by the decomposmg chlorate to form one of the 
unstable higher oxides of manganese, exactly what oxide we do not know 
Tins uncertamty is expressed by wntmg the unknown oxide hlhOn^-o 
where the numerical value of n is not known with certainty. This stage 
of the reaction can then be represented by the equation 


jKOlOa + MhOj =? KCT + MnOn+z (1) 

Thirdly, the unstable oxide produced by the oxidizing action of the 
potassium chlorate probably breaks down almost ns soon os it is formed, 
regeneratmg the manganese dioxide, and liberating free oxygen 

2MaO„+2 = 2MnOj + 71 O 2 (2) 

The manganese dioxide so formed is again oxidized, and the oxide again 
decomposed regeneratmg manganese dioxide anew This cycle of changes 
contmues until the jiotassium chlorate is all decomposed The openmg 
and closmg scenes are represented 

2 Ka 03 [+ MnOj] = 2KC1 [+ MnOJ + 30^ 

Equatii^ (1) and (2), expressed m the most general form, mdicate that 
we are dealing with a reaction m which 


A M nad M B 

where A and B respectively denote the imtiivl and final products of the 
reaction, and Mthe mtermediate products In the reaction just considered, 
M. IS represented by MnOn+s Under the prevaihng conditions, A does 
not fom B d^tly Consecutive reactions are those m which inter- 
meuate products are produced which do not necessarily appear as 
reaction. Consecutive reactions occur in stages, 
one stage m^ be m progress before another can start. The sp^ of 
formation of B from A obviously depends on the speed of the intermediate 
^faons. K the reaction A M be veiy rapid, and M B be very slow, 
the mtermediate product M will accumulate m the ^stem, and could be 
reeogiMed and probably isolated. Several examples are known On the 
other hand, if A -» M be veiy slow, and M -» B be very fast, it would be 
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hopeless to look for intermcdiato products, and the evidence in support 
of the assertion that the reaction involves a sequence of con<*ecutive or 
intermediate reactions must bo circumstantial, not direct proof ^ 


§ 6 Concurrent or Side Reactions 

Attention must be agam drawn to the curious way potassium chlorate 
decomposes when heated (p 129) Part of thccliloratc decomposes into 
potassium chlonde and oxygen 

2KCIO3 2KC1 + 30j 

and part oxidizes another part of the chlorate mto potassium perchlorate 
(KCIO4) 

KaOa -I- SKaOa KC51 + SKCaOj 

These two reactions proceed side by side — concurrently, j ct independently. 
Measurements of the relative proportions of potassium perclilorate and 
oxygen, formed at different temperatures show that the potassium per- 
chlorate reaction proceeds nearly twice as fast as the other reaction Tlie 
lower the temperature, the greater the relative speed of the perchlorate 
reaction Hence as the potassium perchlorate accumulates m the system, 
the molten mass becomes more and mote viscid, and if the temperature be 
below the melting point of potassium perchlorate (610°), the mass solidifies 
when enough potassium perchlorate has accumulated m the ^stem, even 
though the temperature be hi^er than the melting pomt of potassium 
chlorate (340°) Wlien the temperature is raised high enough, the potas- 
sium perchlorate decomposes mto xiotassium chlonde and free oxygen 
Hero agam the opening and closing scenes are represented by the equation 

KCIO* == KCl -f- 2O3 

But the whole reaction could perhaps be better represented by the 
scheme - 

Botweoa StO^-ClO® Above 610“ 

6KC103^ ^+3Ka04 4KC1 -f GOo 

When two or more reactions proceed simultaneously and indepen- 
dently side by side in the same system they are said to be concurrent 
or side reactions If one of the reactions proceeds much faster than the 
others, it is said to be the mam reaction , the others, side reactions 
When potassium chlorate is heated with manganese dioxide, no potassium 
perchlorate has yet been detected among products of the reaction Honco 
it IS inferred that no potassium perchlorate is formed If this be correct. 


1 It will also bo ob\'iou3 that the same reasomng must appK in a longer senes 
of mtermediate reactions, A--*M, M-*X, etc Similarlv, one or 

more of the mtcnnediato reactions might he concurrent reactions (see below 1 or 
opposing reactions (p 97) * 

s This view of the mechanism of the decomposition of potassinm chlorate 
by heat shoivs how the ^olatl^e proportions of potassium chloride, perchlorate 
and oxygen depend on the temperature, and almost an mfimto num&r of eoua' 
tions are possible The students must bear this m mind when reodmir manv 
teict-books, for the reaction is often represented by complex equations It can 
bo shown that aU so far proposed are special cases of the simple equations described 
in the text, and these are based on the work of W TL Sodeau (1900-1903) 
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the oyolio reactions between the mahganeso dioxide and potassnun chlorate 
prooeed rapidly at a temperature much lower than that at which the 
perchlorate reaction has acquired an appreciable velocity In line, the 
catalytic agent accelerates at least one of the two concurrent reactions. 

It must not bo supposed that the above outhno gives a complete re 
presentation of this remarkable reaction The products of the reaction 
may interact with themselves or with the catalytic reagent. In some 
cases part of the oxygen comes off as ozone, and the products of the re 
action may contain a httle chlorme Traces of potassium permanganate 
have been detected among the residual products The chlonno and potas 
Slum permanganate are probably formed by a reaction between the potas 
Slum chloride and the manganese dioxide. As soon os the student gets 
beyond the kmdergarten or pyrotechmcal stages, chemistiy becomes 
intelleotnally fosomating 

§ 7 The Origin of the Terms Acid, Base, and Salt. 

The early chemists appear to have graduaUy learned to arrange certam 
ibstanoes mto two groups according as these substances possessed certain 
uahties m common with vmegar or with wood ashes The former were 
illed aads (from the Latm, aetdus, acid) , and the latter, alkalies 
rom the Arabian, alkah, ashes of a plant), because the alkohcs were 
enerally obtomed by oalcinmg various materials and reducing them to 
slies. Towards the end of the seventeenth centniy, Robert Boyle sum- 
larized the properties of aoids os substances which (1) have a sour taste , 
J) dissolve many substances (corrosive), (3) precipitate sulphur from 
Ikahne solutions of sulphur, (4) change many vegetable blue colours 
’ g blue htmus) red , and (5) lose their acid charootoristics when brought 
ito contact with the alkalies The alkahes were considered to be sub 
bances which (1) possessed detergent and soapy properties , (2) dissolved 
ils and sulphur, (3) restored vegetable colours reddened by acids, 
nd (4) hod the power of reaotmg with acids to produce indifferent 
abstimeos. 

The propertaes of acids and alkahes were thus opposed to one another , 
ir when mixed together, the one neutralized the other Salts were con 
dered to be products of the mteraction of acids and alkahes. It was soon 
jund that some substances with alkahnc quahties did not melt nor change 
'hen heated, and were almost msoluble m water — ^theso substances were 
ailed earths In 1744, F G Rouelle employed the word iase to mclude 
le earths, alkahes, metallic oxides (“ calces ”), and all substances which 
roduoe siJts by reactmg with the acids. 

It was soon recognized that many substances could not well be grouped 
ith the aoids and bases although they possessed quahties charactenstio 
f acids or bases. Thus alumimum ammomum sulphate — alum— forms a 
ilution with water which has a sour taste, deprives sodium hydroxide 
f its alkahne quahties, and turns blue htmus red , copper Sulphate reddens 
lue htmus , sodium carbonate and sodium borate turn red htmus blue, 
fcc Conversely, substances may be grouped as aoids and bases, even 
hough they have no action on htmus, c g sihcio acid, H2S1O3, has no action 
n blue htmus, and yet it is an acid , similarly copper oxide, CuO, is a 
lase without action on red litmus. 
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§ 8 A<^ds. 


In ln6 study of the properties of oxygen, Lavoisier noticed that when 
certain elements vrere burnt in oxygen, the resulting oxide forms an acid 
with water — eg carbon, sulphur, and phosphorus. Hence Lavoisier 
concluded (1777) that “ oxygen is an clement common to all acids, and 
the presence of oxygen constitutes oi produces their acidity.” Lavoisier 
considered oxygen to be the essential constituent of all acids The 
very name oxygen, given to this element, was denved from Greek ivords 
signifymg “the generative pnnciple of acids” — (oxus), sour, and 
yevvdu (gennao), I produce — bcoauso “ one of the most general properties 
of this dement is to form acids by combimng ivith many different sub- 
stances ” With mcreasing knowledge, Lavoisier's oxygen theory of 
aads led to confusion and error, and it was gradually abandoned by 
chemists when it was recognized that 

1. Some oxides form alkalies, not acids, iiiih loater — Eg sodium, 
potassium, and calcium oxides As Humphry Davy expressed it, “ the 
pnnciple of acidity of the French nomenclature might now IikcuTSC be 
called the pnnciple of alkalescence ” 


2 Some acids do not contain oxygen — C L BorthoUet showed, in 1787, 
that hydrocyanic (prussic) acid is a compound of carbon, nitrogen, and 
hydrogen, but con tarns no oxygen , and ho also came to a siinilar conclusion 
with regard to hydro-sulphunc acid — ^hydrogen sulphide But for some time 
Lavoisier’s reputation had more weight than BorthoUet’s facts In 
1810-11, Humpliry Davy proved that hydrochlonc acid is a compound 
of hydrogen and chlorme, and that no oxvgen could be detected in the 
comijound. In 1813 Davy also proved that hydnodio acid contained 
hjdrogen and lodme, but no oxygon Hcncc, added Davy, “acidity is 
not connected with the presence of any one clement ” 

Asa result of Davy’s work, the acids came to bo classed ns hydraads— ■ 
acids containmg no o^gen, and oj^acids— acids formed from aoidio 
oxides In 1815 Davy suggested the possibihty that hydrogen, not 
oxygen, gives the acid characters to the acids , but he did not rush to the 
^er extreme and say that all hydrogen compounds aro necessarily acids 
pere is no one property which wo can use os an absolute criterion or 
decisive test of acidity In a crude sort of way, it can bo eaid that acids 
■usrntty have a sonr taste, are usually corrosive, redden the blue colour of 
vegetable substances {e,g , litmus) , and contain hydrogen, part or all of which 
can be replaced when the acid is treated with a metal, metallic oxide, hvdroxidc 
w mrbonaie Alum, as uldicatcd above, does not contain replaceable 
hydrogen, and it would not therefore be classed as an acid, although it is 
sour, conoav^ and colours blue htmus red But wo aro far from a satis- 
fectoiy defimtion of acids, although, as we shall see, we can make a fair 
definition in terms of the lomc hypothesis ^ Sodium bisulphato has a 
sour ta^ ,a corrosive, reddens blue htmus, and contains replaceable hydro- 
gen, but It IS not usually regarded as an acid because of its mode of for- 
mation NaturaUy the student delights m clear, sharp cut definition- 
and teachers of science have many temptations to frarne definitions and 


J Although the definitions in terms of tho 
diHorent from the definitions in tho text, so far aa 
cemed 


lonio hypothesis are not very 
practical applications ate con- 
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draw boundary lines which do not exist m nature “ Definitions,” said 
John Hunter, “ are the most accursed of all thmgs on the face of the earth ” 


§ 9 Salts 


I A salt IS produced by replacmg all or port of the hydrogen of an acid 
(by a metal or basic radicle For mstanoe, zinc displaces the hydrogen 
of sulphuric acid Zn + H2SO4 = ZnSO^ + H^ fomung zinc sulphate 
ns indicated on p 92 Hence C Gerharat ( 1843 ) defined acids to be 
“ salts of hydrogen ” 


SOi— Bn Radici.b 

Hydrogen sulphate (sul 
phono acid) H2SO4 

Zino sulphate ZnSOt 

Sodium sulphate Na^04 


Cl— Umvalent Badtole 

Hydrogen ohlonde (hydro- 
ohlono aoid) HOI 

Zmo ohlonde ZnCI* 

Sodium ohlonde NaCl 


Salts of the binary acids (1 e, acids compounded of two elements ^ 
like hydrochlonc acid, hydrofluoric acid, etc ) are usually named by 
dropping the prefix “ hydro ” and changmg the termmation “ -10 ” mto 
“ ide ” Thus the acids just named furmsh chlorides, fluondesreto To 
show what chlorides, etc , are m question, the name of the corresponding 
dement (or elements) is mtroduced as an adjective Thus we have sodium 
chloride, potassium ohlonde, calcium ohlonde, etc The names of the 
elements are thus used adjectivally m the same sense that the words 
” stone,” ” bnok,” and “ wood ” prefixed to “ house ” are adjectival, and 
indicate the kind of house in question ^ 

The salts of the ternary aads (» e. acids with three elements) are 
named by changmg the “ 10 ” termmation of the acid into ate,” or the 
” ous ” tomunation of tlie acid into “ jto,” and oddmg 'tKe word so 
obtained to the base or bases forming the salt Thus sulphuno acid 
forms sulphates — e g sodium sulphate , nitno acid, mtrates — e.g, calcium 
nitrate , sulphurous acid, sulphites — e g ammomum sulphite , perohlonc 
acid, perchlorates — e g potassium perchlorate , hypoohlorous acid, hypo 
I ohiontes — calcium hypochlonto , oarbomo acid, carbonates — e g calcium 
carbonate, etc 


In normal salts all the displaceable hydrogen of the acid is replaced by 
the base For instance, sochum sulphate — ^Na2S04 — is a normal salt 
because all the replaceable hydrogen of sulphuno acid is displaced by 
sodium 111 acid salts only part of the replaceable hydrogen has been 
displaced by a base, and the salt stall contains replaceable hydrogen For 
instance, acid sodium sulphate — NaHSO^ — contains half the replaceable 
hydrogen of sulphuno acid, and half as many eqmvalents of sodium as 
no^al sodium sulphate If an acid contams two or more replaceable 
hydrogen atoms, it does not follow that all need be displaced by the same 
element. These ideas can be illustrated graphically — sulphur sexivalent 


HO-^o^O 

H0^®^0 


NaO.. 


NaO^*=’^( 


NaOv. Q^O 


Sulphuno acid Acid sodium sulphote Normal sodium 
sulphate 


Sodium potassium 
sulphate 


^ -r/ Oy* “1® regarded os if they wore 

single elements Thus hydrooyomo noid—HCN— furnishes oyamdos 

- Hence, some years ago, the name of the basic element used to be modified 
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Sometimes the term “ hj'drogen ” is used m plaeo of *•* aeid ” fox the 
acid salts, and sometimes the prefix “ bi- ” or “ di- ” is appended to the 
term for tho acid m the salt Thus “ acid sodium sulphate ” is also called 
“sodium hydrogen sulphate," “sodium bisulphate," as well as “mono- 
bodium sulphate,” etc Tho normal salts arc sometimes called “ neutral 
salts " in tho sense that all the hydrogen has been “ neutralized " or 
displaced from tho acid Tliese salts, hoirever, are not necessarily neutral 
to litmus — ^thus normal zme or coppei sulphates react tow'ards htmus ^ 
as if they were acids , borax, sodium mtrite, and normal sodium carbonate 
react os if they w ere alkahcs ^ Many acid salts are acid to litmus, c g 
sodium hydrogen sulphate , others are alkahno, e,g sodium hydrogen 
carbonate , others agam are neutral, c g disodium hydrogen phosphate 
It IS sometimes necessary to use tho prefixes mono-, di-, tn-, . . to 
discriminate between the different salts of one acid Tlius with phosphoric 
acid — ^phosphorus qumquevalont — 


HO\ 

H0^P=0 

Phosphono 

acid 


NaO\ 

H 0 -,P =0 

HO^ 

Mono<«odium 

phosphate. 


NaO\ 

NaO^P =0 

HO^ 

Disodiuin 

phosphate 


NaO\ 

NaO-P =0 

NaO'^ 

Normal or tn sodium 
phosphnlo 


It would be a mistake to assume that all tho h^dlOgcn of an acid is 
replaceable bv a base Tlius, so far as we know', hypophosphoious acid — 
HjPOj — ^lias only one of its three hydrogen ntouis icplaceablc by a mct<t1 
No one has over piepaicd NaoHPOj, or Na^PO- TheJiumber of^toms 
o f hyd rogen m one molecule of an acid which are replaceable by a 
metal7-or a'Tadicle, "is* termed the baHclty df^th^ aci^ hydro- 

clilonc acid — — is monobasic becaubc each nidlcculo of hvdrocliloiic 
acid contains one replaceable hydrogen atom , sulphuric acid — is 
dibasic, phospliono acid — HjPO^ — ^istnbasic, and silicic acid — ^114^104 — 
tctrabasic Hypophosphoious acid — ^HgPOa — is monobasic 


§ 10 Neutralization 

A solution of sulpliunc acid, like other acids, colours blue btmus red ; 
and a solution of sodium hydroxide, like other alkahcs, colours red litmus 
blue It is possible to mix the acid mth tho alkah so as to furnish a solu- 
tion which neither tastes hko sulphuric acid nor hkc sodium hydroxide 
The mixture on evaporation furnishes a crystalhnc solid which noitlier 
colours blue litmus red, nor red btmus blue The product of the reaction 
IS said to bo neutral, and tho process of ncutrabzation consists in adding 
an acid to an alkah, or of an alkah to an acid, until a neutral substance is 
obtained Tho result of the reaction is called a salt lie salt contains 
the metal of tho base, and the radicle or the acid Tho litmus used to 


to givo It an adjectival form , hydric chloride , potnssic chloride , caloio chloride ' 
etc This sjstora has been abandoned unless it is desired to distmcuish botucen 
ous and -10 compounds— c y ferrous chloride, and feme chloride, etc 
1 Usually mercurous, inercurio, eupnc, aluminium, chromic, feme, kiinuous 
stannic, antimouious, and bisinuthous sails with the common acids Imvo an 
Odd reaction-reddon bluo litinus , whilo tho borates, carbonates, chromates, 
hypochlorites, mtntes, phosphates silicates, sulphides, and sulphites have an 
ulkalmo icuction — turn rod htmus blue ^ 
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detcnnino the pomt of neutralization is called an indicator Several 
other indicators besides htmus are available , tg phenolphthalein furnishes 
a pink coloration nth alkahne solutions, and is colourless with acids and 
neutral solutions , metl^l orange is vellow with alkahes , pink with acid 
and orange with neutral solutions It will be observed tiiat the deter- 
mination of the neutral point is here referred arittrarily to the behaviour 
of litmus 

Richter’s work — ^The above experiment coupled with numerous 
others ivith different acids and bases have proved that acids and alkahes 
unite to form salts m constant proportions Many of the early chemists 
— G Homberg (1699), A. L. Lavoisier (1782), EL Cavendish (1788), T 
Bergman (1785), C F Wenzel (1777), etc — ^had a more or less clear idea 
that a definite weight of a base neutralized a defimte amount of a given 
acid * but J B Richter, m an important study of this subject between 
1791 and 1802, demonstrated conclusively that the weights of the vanous 
acids which neutralize a certam fixed weight of one of the bases are the 
same for certam fixed weights of aH the bases , and the same numbers 
hold good for the neutralization of the acids by the bases. This is Richter’s 
law of proportionahty Consequently it is possible to assign eqmvalent 
numbers to the acids and bases For instance, nsmg modem data and 
terms 


Acids 


H} drofinonc acid 
Hvdroehlonc acid 
Sulphuric aad 
>itnc ocid 


Bases 

Equivalent Equivalent 

weight weight 

20 01 Ammonium hvdroside 35^)5 

36 47 Calaum hydroxide 37 06 

49*04 Sodium hydroxide 40 01 

63 02 Pot aMum hvdroxidB 56 00 


A table analogous with this, but with less accurate data, was calculated 
m 1802 by G E Fischer from J B Richter s data, and this was the first 
table of equivalent weights published. The weights of the acids m one 
column represent the amounts required to neutralize the quantity of any 
of the bases mdicated m the other column and conversely, the weights 
of the bases m the second column represent the amounts required to neu- 
tralize the quantity of any one of the acids mdicated m the first cohunn. 
Thus 56 grams of potassium hydroxide will neutralize 20*01 grams of 
h} drofiuonc acid, 36 47 grams of hydrochloric acid. 49'04 grams of snl- 
phunc acid 63*02 grams of mtnc acid, etc , and 63*02 grams of mtnc 
acid will neutralize 35*05 grams of ammomum hydroxide, 37 06 grains of 
calcium hydroxide, etc. Richter mixed up much valuable work with 
several fantastic hypotheses, and he also “ cooked ” some of his results 
so that thev represent what he thinks he ought to have obtamed rather 
than what he actually observed- Such a procedure is qmte antagonistic 
to the “ spirit of science,” and made chemists reasonably sceptical 
about the accuracy of the whole of Richter’s work. It was thought, 
wrongly as it happens, /iiZsiM in uno,falsus in omnibus (false m one, false 
in all) Consequently Richter s generalization did not attract the attention 
It deserved 

It follows as a coroDan from Richter’s law that when two neutral 
salt solutions mutually decompose one another, the newly formed 
* products are also neutral, because the amount of base neutralized by a 
certam weight of one acid is also neutralized by an equivalent avcight of 
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another acid It also follows from Richter’s law that if one metal is pre><> 
cipitnted by aiiothei metal from a neutral salt, the neutrality is maintained 
Richter’s generalization has been styled ‘ the law of proportionahtj,” 
“ the law of equivalent ratios,” etc and it is obviously a special case of 
the law of reciprocal proportions of p 28 discovered a few years latei 
Neutralization versus hydrolysis — The process of neutralization of a 
basic hj drovide by an acid is attended by the formation of a salt and n atcr 
We fiSiall find later that some salts — c g zmo sulphate, sodium carbonate 
potassium cyanide, etc — are partially decomposed — t c hydrol 5 'zed — by 
•water into acid and base TJia,aGtion oC.'WJitec.on^suph^ji-salt, oi.,of«an 
ac id on sii cKa bi^e is thu s an example of an opposing I’caction , hj'diolysis 
is^ ppp osed to neiitializatio'ii 

* hJsO^ + Zn(OH>„^ZnSO, + 2H„0 
Neutralization*^ Hydroljsis 

In some cases, however, the amount of hydrol 5 si 3 is inappreciable, and 
the process of neutralization is so complete that it can bt employed for 
nicosurmg the quantity of acid or base m a given solution 

Acidimetry and alkalimetry — k standard solution containing a 
kno\vn amount of acid or base per litre is prepared and ]ust sufficient of 
tins solution IS added to neutralize a solution of a given base oi acid 
The volume of the standai-d solution requned for the purpose is noted 
It 18 possible to calculate the amount of “ chemically pure ” sub. 
stances present m the given solution from the volume of the standaiti 
solution required for the neutralization A standard solution contain* 
mg one equivalent weight of the acid or base m giams per litre is 
called a normal solution, written “ N-solution,” and a solution con- 
taming one-tenth the concentration of a normal solution is calkd ai 
decinormal solution, written “ N-solution ” The equivalent weight 
of a base is that quantity which just completely neutralizes one 
molecular weight of a monobasic acid , and the equivalent weight 
of an acid is that quantity which contains unit weight of replaceable 
hydrogen Tlnib 3($ 47 grams of HOI per litre gi\cs a normal solution of 
hydrochloric acid and 4<) 04 grams of H^SO^ per htio pi\es a noimal 
solution of sulphuric acid Here the molecular weight of the aeid 
is 98 08, and the acid is dibasic for it contains two replaceable li-sdrocen 
atoms ; and, by definition 

/ Equl^aIont of acid = 

Bnsicit^ of acid 

that IS, the equivalent of sulphunc acid is 98 08 — 2 = 49 04 A normal 
solution of sodium liydroxide contains 40 grams of NaOH per litre and a 
htre of a normal solution of any acid so far considered will lust neutralize 
a litre of a normal solution of any base 


Example ^upposo that a 60 c o burette bo ebargod with a normal solution 
of sodium hydroxide, and aupposo that tbo amount of HCT m 600 c™of a l^lli.to 
solution of fiydrochlorio acidf be m quostion-acidimot^-mnotto 60 o e nf t 
acid into a beal er and add a fow drom of litmus Tho nlKli cnint 
from tbo burette into tbo acid m tbo l^kor untiubo addition of f 
drop of acid ,8 needed to change tbo red h^ to Uue 
tile normal Rodiuin In drovide has Iwon run from tbo burette Thn nrtnimorTi-** ^ 
The neutralization NaOH -f HCl = NaCl + H.0 sIiowb tlmt an L "i’"" 

hydroxide corresponds ivitb 30 47 grams Jf HCl, and 1000 fc ^f NaOiniw 4'o 
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rtoitm of sodium hydro'cide which is eqm\ alent to 30 47 grains of HCl Conse 
quently 42 c o of the standard sodium hydro-side solution is eqm\ nient to 1 53 
grams of HCl per 60 c c of the given ocid or 15 3 grains of HCl ore present in 600 
ao ot the given acid 

SinulaT remarks apply to the determination of alkalies — alkalimetry — 
hy standard solutions of the ooids This process of analysis is called 
volumeinc amlysis m contradistmction to grammelnc analysis, which mvolves 
several weighmgs durmg each determmation In volumetnc anal3fsi8, the 
substance taken for analysis is either weighed or measured^ and the pre 
paration of the stock of standard solution may mvolve one or two weighmgs , 
the stock of standard solution may last a great number of analyses Ex 
penmental details are discussed m laboratory text^books 


§ II Bases 


I A base — Greek flio-ir (basis), a base — ^is a substance -nhich reacts with 
an acid to produce a salt and water Eor instance, zmc okide reacts 
with sulphunc acid to produce zmc sulphate and water ZnO -f HnS04 
= HjO + ZnSO^ Sodium hydroxide reacts with sulphuric acid to pro 
duce sodium sulphate and water 2 NaOH + HjSO^ = 2H2O + NonSO^ 
The bases mclude the oxides and the h3rdroxidcs of the metak, and ccrtam 
groups of elements eqmvalent to a metal For convenience, cerium 
groups of elements like ammonia — NH3, hydroxylamilie — ^NHoOH, 
hydrogen phosphide — ^PH^, etc , are called ba^, although they form salts 
by dureot addition or combination without the separation of uater Thus 
ammonia and hydrogen chloride form ammoma chloride NH~ + HCl 
= NH4CI 

Tlie defimtion of a base mdicated above is highly unsatisfactory beoaiise 
it involves the definition of an acid, and we have just acknowledged that 
a satisfactory defimtion of on acid is not yet possible Hence our dcfini 
tion of a base defines the unknown m terms of the unknown — tgnoiinn 
per tgnoUus 

“ Alkah ” and “ base ” are not synonymous terms Every alkali is a 
base, but every base is not an alkali ihe alkahne oxides form very 
soluble hydroxides with marked basic properties The oxides of the 
alkahne earths form sparingly soluble hydroxides with less marked basic 
properties The other oxides, as a rule, do not react directly with water, 
and the hydroxides are made mdireotly An oxide cannot be classed 
as acidic or basic unless it can be shown to produce corresponding 
salts 


Peroxides We have seen how barium oxide, BaO — banum bivalent — 
when heated under certam conditions forms barium peroxide— BaOj The 
peroxides contam a hi^er proportion of oxygen than the normal o-xides 
Banum oxide with sulphunc acid forms banum sulphate and water 
"f" = BaSO^ + H2O It IS therefore a base Banum per- 

fornm banum sulphate, water, and oxygen with sulphunc acid 
iBaOj + 2 HjP 4 = 2BaS04 + 2 HaO + Oy BaCSOj,, not BaSO,, corre 
sponds with banum peroxide Hence, banum peroxide is not a basic 
oxide in view of banum persulphate Bn(S04)«, banum peroxide becomes, 
by definition, a basic o-nde. 

Amphoteric oxides— Lead dioxide or jicioxidt, PbOj—lead quadn 
valent 18 a basic oxide because it forms the corresponding ^ajt — PbCli 
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—'mth hydrochloric acids But PbO^ also forms salts — plumhates — 'vnth 
bases, e^g potassium plurabate, 0 =Pb=( 0 K), Hence, a substance may 
be both acidic and basic according to circumstances Aluminium 
hydroxide — alumimum tervalent — ^la a base, because, when treated with 
an acid, it forms a salt — alummium chloride, AlClj — and ivater 
A1(0H)3 + 3 Ha = AICI3 + 3 HoO 

But alumimum hydroxide when treated with a base, sav, sodium 
hydroxide, also forms a salt — sodium aluminate, Al(ONa)3 — and water 

^ A1(0H)3 + 3 NaOH = Al(0Na)3 -f 

Hence alumimum hydroxide acts towards an acid like a base, and tow aids 
a base like an acid Such oxides can be called intermediate oxides, 
or amptiotenc oxides — ^from the Greek afupSrepos (amphoteros), both 
Zinc oxide is an mtermediate oxide Stanmo oxide, 0 =Sn= 0 — tin 
quadrivalent — ^forms stannic sulphate, S04=Sn=S04, and also sodium 
stannate, 0=Sn=(0Na)2, hence, stannic oxide is also an intermediate 
oxide 

Basic salts — On comparing the graphic formultc of the hydroxides of 
sodium (univalent), lead (bivalent), and bismuth (tervalent) 

Na-OH ®>\ 0 H 

^OH 

TTniacidio hose Biacidic boso Tcractdic base 
With the graphic formula for mono-, di-, and tri-basic acids we naturally 
inquire if the OH or hydroxyl group can be replaced by acid radicles one 
by one so as to furnish uni-, bi-, and ter-acidic bases In the particular 
examples just selected, the salts 




^^<NO, 
Normal lead mtrato 


Basic lead mtrata 

are known Tlie former is called basic lead nitrate, the latter normal 
lead mtrate, or simply lead nitrate Sinularly, Bi(0H)2N03. basic bis- 
muth nitrate is known Tlie basic salts are usually, not always, less 
soluble in water than the corresponding normal salts 


§ 12 Hydroxides and Anhydrides 

We have seen that sulphur dioxide and phosphorus pentoxide form acids 
with water 

SQs + HoO — HaSQs? an d PgQ^ -{ - SS^O = 2H3PO4 

Sulphurous Ph^sphonw i^sphono 

“O’ade acid pentoxide awd 

The water m these compounds has completely lost its identity, and it 
w generally supposed to produce a new class of bodies called hydroxides 
Every element, exceptmg flnorme and the argon family, appears to form 
one or more hydroxides, directly or indirectly Tlie oxide? from wL™ 
the aci^ are produced do not contain the elements of water Tliey are 
^Ued ^hydrides, or acid anhydrides ’’—from the Greek a w-ithouf ^ 
(hydor), water Th^ SOj is not only called sulphur dioxide but also 
sulphurous anbydnde. and P.O^ „ not only phosphorus pent^, bS 
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pliosphono anhydndo An anhydride can be regarded as the residue 
loft when the elements of water are removed from the oxyaoids Thus 
Bulphuno aoid, less water, gives sulphuno anhydride, SO3, also called 
sulphur tnoxido , sulphurous acid, less water, gives sulphurous anhydnde, 
SOj It IB generally supposed that sulphurous anhydride in combining 
with water forms a compound containing quadnyalent sulphur and two 
univalent hydroxyl, OH, groups, that is, S6(6H)2 Tlie reaction is 
symbolized 

0 =S= 0 +H— OH 0 =S<Qg (sulphurous acid) 

and sulphuno acid is considered to he a compound containing sexivalent 
sulphur and two hydroxyl groups, S02(OH)2. The reaction is symbolized 

q>S= 0 +H- 0 H o^^^OH 
This subject will bo resumed later 

Thus an anhydnde with water forms an acid, and with a base it forms 
a salt Zn0+S03=ZnS0^ (zmo sulphate) — Sulphurous acid can also 
be regarded as sulphurous hydroxide, SO(OH)2, and phosphono acid 
— ^phosphorus qumquevalent — as phosphono hydroxide, P0((5H)3 The 
basicity of an acid is generally supposed to correspond with the number 
of hy&nxyl groups it contams The hydrogen of the hydroxyl groups 
IS supposed to be the “ displaceable hydrogen ” referred to m the definition 
of acids Monobasic liypophosphorous acid, H3PO2, 11 supposed to be 
H^POCOH), or 


The basic oxides are sometimes called “ basic anhydndes,” and they 
too form hydroxides with water, c g calcium oxide, Ca( 3 — calcuun bivalent 
— ^inth water forms calcium hydroxide, Ca(0H)2 

Ca=OtH-OH Ca<°® 

Prom this point of view water can be regarded os hydrogen hydroxide, 
H — OH, analogous with K — OH, potassium hydroxide, and Na — OH, 
sodium hydroxide Exoludmg certain carbon compounds, the hydroxides 
I of the non qietaUio elements are usually acids, and the hydroxides of the 
I metals are usually bases The term “ hydroxide ” is generally reserved for 
compounds of the basic oxides with water , and the term “ anhydnde ” 
IS usually reserved for the acid anhydndes 

Questions 

t Oicygen u to ho ohtnmod from mercuric oxide, or manganese Jioxide, 
or potassium ohlorato Whot is the cheapest method of making oxygen per litrc« 
so far os raw materials are concerned, if 100 grams of mercuric oxiae costs 
1 kilo of manganese dioxide, lOd , and 1 kilo 6f potassium olilorate costs Is 3 d T 

2 Wiat is the meomng of the term ‘ normal salt ” ? Why is tho word 

neutral no longer psed to designate these salts t * 

3 What volume m Ijtros of oxygen meosured at 730 mm and 10" can he 
^ obtained from one kilo^am of pyrolnsito ooptaimpg 80 pfr cent of jnonganeso 


0=P^ 

\)H 
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4 Tho atomic weight of carbon was formerly nssumecl to be fi, and of 
8 State tho grounds upon winch these atomic weights hn\o been doubled — 
Board of Uduc 

6 How do tho ncid formmg oxides (anhj dridcs) differ from tho basic oxides 7 
■Wlinr IS usually tho effect of bringing together solutions of these 1 1 o classes of 
oxides 7 — O H Bailey 

6 Give examples showing that tho same oxide may at one time function 
ns the acidic constituent of a suit and at another time ns tho basic constituent — 
O H Bailey 

I Explain what is meant by a " catalytic agent,” talong as illustration tlio 
preparation of oxjgon from potassium chlorate and manganese dioxide^ — Cape 
Oniv 

8 What do you understand by the term '* a salt ” 7 Give examples of 
normal, acid, and basic salts — London Univ 

0 Define tho following terms, givmg examples in each case noid, base, add 
oxide, basic oxide, basicity, normal salt, ricid salt, basic salt — Sydney Unw 

10 There are reasons to behove that tho equations 2KC10s“^KCl-J'KC1044-0o, 
and KC104 KOI + 2O2 do not actually represent tho decomposition of potas- 
sium chlorate when heated Describe tho experiments y on would make in order 
to test the validity of tho equation — New Zealand Univ 

II The atoimc weight of a metal M is 6G An oxide of this metal is found 
to consist of 63 8 per cent of metal, and 46 2 per cent of oxygen. Cnlculato tho 
formula of tho oxide — London Untv 

12 A mixture of 6 vols of lij drogen and 3 vols of oxygen is exploded by an 
oloctno spark, will any gfts remain 7 If so, how much, and how Mould jou 
ascertain what it is 7 Suppose a mixture of 3 \ ols of hydrogen and 5 vols of 
oxygen had been used, what difference in tho results would that Imve made 7 

13 Explain the following terms oxide, hydroxide, and hydrate Guo examples 
of each What do you understand by a peroxide and a suboxido 7 — Science and Art 
Dept 

14 Give tho atomicity (valency) of each element in tho following compounds 
HCl, H-Oj, NHj, COj, SOj, and SH- — Science and Art Dept 

16 How much potassium chlorate must bo heated to yield ns much oxjgon ns 
would bo obtamabfo from 500 grms of mercuric oxide (K=3B, Gl=36 6, 0=10, 
Hg=200) 1— Board of Editc When two or more reactions follow in succession, 
or when two reactions ore under comparison, it is not usually necessary to make 
a soparitto calculation for each reaction Thus, since KClOs~> KCl-f30, and 
3HpO -> 3Hg -f 30, it follows that 3HgO gives the sumo amount of oxvgcn ns 
KClOj Aiisr 04 5 grms 

16 Wiy was oxygon so called 7 IMiat objections can bo urged against tho 
name 7 — London Unw 

17 It IS sometimes said that chcintcally a metal can bo defined ns im tilemcnt 
capable of formmg u base by union with oxygon Discuss this dchnitiou 
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Water 

Molecular weight (\ apour) H^OrrlSOlB, (hqmd) (H.O)* =nlS016 Melting 
point 0’ at atmospfaenc pressure , boilmg point, 100® at atmosphenc pressure 
critical temperature, + 358 ® Specific gravity of ice at 0®, 0 916i , water at 0®, 
0 09987 One htre of steam at 100® and normal pressure weighs 0^90 grams 

§ I Water — Occurrence and Purification 

Occurrence. — Water is widely distnbuted m its three states of aggrc 
gation — steam or aqueous vapour, liqmd water, and solid ice and snou 
It has been estimated that t^ee-fourths of the surface materials on the 
crust of the earth is water Animals and plants contain a large proportion 
of combmed water — e.g fish contams the eqmvalent of about 80 per cent , 
beef, 60-62 xier cent , the human body, 70 per cent , aquatic plants 
between 95 and 99 per cent , and ordinary land plants, 50-75 per cent A 
great many rochs contam water — combmed and absorbed. Clai, for 
example, contams up to 14 per cent of combmed water 

The arculabon of water in nature — the water cycle. — All the 
water on the earth passes through a remarkable cycle of changes The 
heat of the sun leads to file evaporation of water from the seas, etc , water 
V apour IS only 0jS2.times as heavy as an equal volume of air, and conse 
quently it rises mto the upper regions of the atmosphere. Tie tempera- 
ture of the ascendmg vapour ^sdually decreases, and consequently a 
plane must be reach^ where the air is saturated with moisture The 
vapour will then condense m the form of fine drops of water — mist or 
clouds The fine drops coalesce mto larger drops Ultimately, the con 
densed water must descend ogam to the earth as ram, snow, etc. The 
wmd distributes the vapour The heat given up durmg the condensation 
of the vapour is distributed or earned from the hotter regions — where 
evaporation is fastest — ^to the colder regions — ^where the vapour is condensed 
— ^thus helpmg to ‘ stretch ’’the temperate regions nearer to the poles. The 
water which is sprayed, as ram, etc , on the surface of the globe, does 
I certam amount* of physical and chemical work On the chermcal side 
rater helps m the decomposition and weathermg of rocks, and on the 
ihvsical side, it transports matter m suspension from the higher to the 
ower levels. The soluble matters ultmiately collect m the seas 

Thus the water cvcle involves (1) evaporation from the oceans, seas, 
lakes, etc , (2) condensation in the upper regions of the atmosphere as a fine 
mist of distilled water where it collects as clouds , (3) further condensation 
IS followed bj ram , (4) the ram-water percolates through the soil and 



WATER 


149 


collects on an impemoiis bed of rook to be ^gain forced to the surface, as 
spring water, by the pressure of the superincumbent layers , and (6) this 
IS coUected by the streams and nvers and forwarded to the pea, to com- 
mence anew the never endmg cycle 

Rain-water — Ram, in its journey through tlie air, dissolves oxygwi, 
carbo n diovid e. and ni troge n, as well as amniania and ammonnxmjutratc 
It also carries doivn dust — organic and inorganic Rim water, particularly 
if collected near the sea m lugh wmds, contams sodium chloride , and if 
collected neai towns, sujphur compounds — sulphur dioxide and sulphuric 
acid — derived from the products of combustion of coal When evaporated 
to dryness, 10,000 parts by u eight of ram-vater ■mil give about 0 34 parts 
of sohd matter, most of this consisting of sodium chlonde and organic matter 
Ram-water contains in solution about 0 013 percent of dissolved nitrogen, 
0 0064 per cent oicygen, and 0 0013 per cent carbon dioxide The ram 
which falls at the end of a shower is more pure than that which falls at the 
beginnmg, because the atmosphere is washed, so to qicak, during the earlier 
part of the shower 

Spring and mineral water — -Directly tlie rain-water strikes the ground, 
it begins to attack and dissolve various rocks, decaying organic tissue (humic 
compounds), etc .forming surface and ground vxHer It is estimated that 
between 25 and 40 per cent of the rainfall, in tempeiato regions, soaks 
into the giound In its journey underground — underground water — 
the percolating water loses most of its organic matter and dissolv cs moi e 
or less mincial matters — compounds of calcium, magnesium, and sodium , 
caibon dioxide, etc The greater the depth to which the \vnter sinks the 
greater the amount of sohd matter it can dissohe Water under gieat 
pressure is a powerful solvent Sooner or later the water which has 
percolated underground will be forced to the surface as sjmjiSJioiter 
If the spring wwter holds an unusual amount of some particular con- 
stituent in solution which gives it a marked taste, or some specific 
property, the term mtneral xmUr is applied Mineral w-aters do not 
necessarily contam a large excess of mmeral matters in solution The 
w'ater from mineral spnngs is often named according to some special 
constituent “ Fresh water ” is a vague term apphed to a natural water 
which does not contain much dissolved impurity 


contain ferrous carbonate— eo Tunbndco Buxtnn 
Excelsior Spring," Saratogo, N Y « Hot Springs ” of Arkansas , Linborg etc’ 
Sulphur waters contain hydrogen sulphide nnif other sulphur compounds, ufeihno 
sulphides, otc~eg Baden, Harrogate, Bath. Anolion " T*mi 
Spring," Sharon, N Y , etc The wfLr of the Steamboat Springs m fSfSi 
has borate and deposits a sinter containing arsenic, antimony, mor^ri load and 
copper sulphides, m well as traces of gold and silver Sahnlwaters contain s hs 
of various kmds, for instance, magnesium sulphate and chloride which o f Im 
water a bitter toste^ff Bath Epsom, "^Soidhte, FrSolZn ^ 

Cheltenham , etc Sodtum sulphate and sodium carbonate e a Mnrmn). .,i ’ 

Carlsbad , etc Carbon dioxide (acid reaction) e a ADollinnr.H^f.,T..f**.**”*^"^ f 

this and other mineral waters ore made artificially, the nntuml w ntw f i “i 
and exported) Carton dioxide with sodium cortoHote 
Vichy. Neuenahr, etc Carbon dioxide Zi^sodmm^ 
chloride-eg Ems , Niedor-Seltors , etc . w *°,*’"'* 

Aachen , Baden-Baden , “ Congress Spring,” Saratoga N Y ote ^ . 

bromine compounds~eg “ ConOToss Spumg" and “ ^ 

N Y , Woodhall Spa . etc ASc^T^RonZno W no Spnng.” Saratoga, 
“Congress Spring.^* Saratoga, N a Lithia~eg 

waters are described under “ carbonates " The xvatem ^ ^°trd 

j.ne w'uters of some sprmgs. 
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particularly in ^olcnnIC districts, issue at an elo\ ated ’ TeDlita®f*39^ 

Sermal voaters-e g “Hot Springs." New Zealand (about 00 ) , Tepbta (39- 
49“) , Vichy (32“) , San Bemadine, California (40 -78 ) , etc 

River water —Spring iiatcr collects in nvers and streams Rivers 
contain not only the sohd matter furnished by spring wa^rs, but alM 
organic matter derived from plants growing on the sides and bottom of the 
nver, and also from the viUages and towns through which the nver pa^ 
The nver, in virtue of its greater i olumo and force, cames along a consider- 
able amount of suspended sohds Bivor water also contains in Mluhon 
matter from the country uhich it drains TIius the water of the Dee 
(Scotland), drainmg slate and sandstone rocks, contains about 0 005B i«r 
cent of sohd matter, about one fourth of this bemg calcium salts , tlio 
Tliamcs, drainmg chalk rooks, contains about 0 03 per cent of sohd matter, 
two thi^ of which IS calcium salts. 

Sea water — Just as sprmg water flows into the n\er3, the nvers now 
into the sea oanying their dissoU ed salts, and suspended matters which 
have not been deposited m transit Tlio vapour which rises from the sea 
by evaporation is almost pure w ater , hence, unless the dissolved matters 
are continuously removed, sea water must be gradually getting more 
and more “salty” Seawater contains a relatively largo proportion 
of soluble salts about 3 6 per cent of sohds m solution Wliore the 
evaporation is greatest we naturally expect to find the greatest pro 
portion of salts m solution Thus the Mediterranean contains about 
3 4 per cent of sohds m solution , w'hereas the Baltic, with its numerous 
tributaries, and less evaporation, contains between 0 3 and 0 8 per cent, 
of sohds m solution Salts accumulate m land-looked seas and lakes mudi 
foster than m the sea. In lUustratiotb the Dead Sea contains 22 8 per 
cent of sohds m solution , the Great Salt Lake (Utah), 23 per cent , and 
the Elton Lake (Russia), 27 per cent. These ma'ises of water behave as 
if they were exposed m a largo evaporating basin, for the salts accumulate 
m the waiter and are deposited m crystallme masses on tlio shores of the 
lakes as the water evaporates. 

Potable and drinking water — The moigamo or mmeral matters 
usually found m solution in natural water ore not directly mjnnous to 
health. The punfication of water for towns and cities is a very important 
practical problem for the chemist The best solution can only follow after 
a careful study of the local conditions. Water should be free from paj^^ 
genic (disease producing) bactena^ and from suspended impurities 'Hus 
18 generally done by fflfaation through large filter beds mode from layers 
of sand and gravel extending m some cases over an acre of ground. A 
Pasteur-Chamberlam’s bougie (candle), made of unglazed and porous 
earthenware, and shaped like a hollow candle, is arranged to bo screwed 
on to the water tap, Rg 49 The water is forced throu^ the earthen- 
ware by the presspre of the mam. Baotena, oigamo matter, etc , collect 
on the inside of the bougie as a dimy layer whidi clogs the filter The 
bougie, Eig 49, must bo frequently cleaned or replaced (1) to permit the 
’ free passage of water , and (2) to remove the layer of shmy oigamc matter 

I for instance, an average type contains about 96 B per cent of water-, 2 7 
per cent, of sodium salts , 0 07 per cent of potassium salts , 0 14 per cent of 
calcium salts, 0 69 percent of magnesium salts, as veil os dissolved gases, 
0 012 per cent of nitrogen, 0 006 per cent of oxvgen, ond 0 017 per cent of 

n'lion dioxide 
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■which serves as a medium for the growth of hactenfi{_* In some cases tho 
bacteria are killed by the addition of minute traces of an o'udizcr — ozone, 
sodium hyjiochJonte, copper sulphate, etc The salt last named also pre- 
vents the growth of green ajgre which are sometimes very troulilcsome ^ 

To maintam the punty of the water supply up to the proper standard,^ 
it is necessary to make (1) regular bactcnologujal examinations for patho-^ 
gemc germs ; (2) chemical examinations for nitrogenous organic mattes 
— albumenoids, etc — ^upon which bacteria feed, and for the products of 
bacterial life — ^frec ammonia, ammonium mtrate and nitntc Tlie prc-| 
sence of these substances m water tlrrows it under suspicion And (3) nl 
periodical critical cxammation of the source from which tho water i^ 
obtained 

The distillabon of ■water — Water is purified on a small scalo bj” dis- 
tillation The water is boiled m a flask or boiler and the steam is con- 
densed back to the liquid condition by jnssage through a tube about w'hich 
a contmual stream of cold water flow s To economize space, the condensing 




Fig 49, — Filtration Fio 60 — ^Tho Distillation of Water 

by Presauro 

tube IS generally coiled as a spiral — called “ the worm ” — and kept m a 
tank through which cold w'ater contmually flows Pig 50 represents tlio 
form used by T W Richards m some atomic weight determinations It 
IB a modification of that sometimes employed m the laboratory for distilling 
small quantities of hquid Tlio purpose of Richards’ scheme is to prevent 
the steam commg m contact ■with rubber or cork stoppers, etc — nothmg 
but glass In place of tho “ ground ]omt ” a one-hole rubber or cork 
stopper and glass tube are often used, and in place of tho “ adapter,” tho 
receiver is tilted so that the condenser tube dips into the neck of the flack 
A small amount of volatile orgamc matter is usually earned o\er Anth 
the first rush of steam, and soluble matters derived from the glass may 
be found in the distillate By adding a httlo potassium permanganate 
m alkalme solution to the watei to be distilled, and rejecting tho first 
jKirtions carried over, fairly pure water can be obtained — ^particulars if 
the final product he redistilled in a platinum or gold vessel Block-tin 
condensers are better than glass, smeo the water acts very much more 
vigorously on glass than it does on tin Distilled water Avluch has been 
kept some time m a glass bottle cannot be used satisfactorily m tho 
analysis of sihcates, because it contaniinates the sihcate undergoing analysis 
with some of the constituents td be detemiinbd. 
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§ 2 Some Properties of Water 

At ordinary temporatures, puro ivater is a tasteless and odourless liquid , 
it IS colourless m moderately thm layers, but appears grcenish>blue uhen 
newed m thick layers. According to Atkins, the blue colour of largo 
lodics of water — e g m china clay settling pits in tanks in uhich ivatcr is 
icing softened by the addition of milk of hme, etc. — is an optical cRcct 
lue to the action of the fine particles suspended in the hquid on the hght. 

Liqmds are but shghtly compressible If 1000 cc of uatcr be subjected 

0 a pressure of two atmospheres the volume \oll bo reduced 0 06 c c 
^ccoi^ng to F G Tait, this very small compressibility means that if 6ca> 
rater ivoro quite incompressible, the average level of the sen uould bo 
aised 116 feet higher than it is to day, and 4 per cent, of the present land 
urfaoo -would be submerged 

Non metalhc hquids arc bad conductors of heat , water is one of the 
lest of hqmds for conducting heat (mercury ovcopted), but cien then, 
ho thermal conductivity is small Witness, a piece of weighted icc at 
he bottom of a test-tube of cold ivater If the test tube bo held obliquclj, 
md heated by a Bunsen’s burner near the surface, the water at the surface 
nil boil, but the ice at the bottom will remain unmeltcd- 

AVoter boils at 100’ and 700 mm pressure The greater the pressure, 
ho higher the boiling point , and conversely, the less the pressure,' the 
Dwer the hoding point These phenomena oceur inth hquids general]}, 
nd it IS therefore necessary to state tho pressure when gl^^ng the boilmg 
Kimt of a hquid. Thus at Quito (9360 feet above sea lo% cl), with tho 
laromotor at an average height, 626 4 mm water boils at 90 1° , and on 
ho top of Mount Everest (29,002 feet), barometer at 266 3 mm , water 
TOuld boil at 72® Steam or water vapour is an in-visiblc, colourless gas 
rhioh condenses to a visible cloud of small particles when it comes m 
ontaot with the atmosphere This is readily shown by boiling water m 
> flask, mside the flask, the vapour is invisible, and a cloud of minute 
rater particles — condensed steam — appears where tlic steam comes m 
ontaot -with the cold air 

Liqmd ivater freezes at 0® into crystalline ice. AVater vapour freezes 
ato hoar frost and snow Tho crystals of ice are extremely rare and 
lifficult to measure. Tho crystals can often be seen when a piece of ice 

1 exammed with a lens whde a beam of bnght hght is passed through it 
!now crystals are common They appear m the form of an hexagonal (six- 
ided) nucleus or six rayed star wnth tlie rays developed m bewildcnng 
omploxify No two seem ahke Ice appears to bo colourless or white 
phen pure, but it is pale blue when seen m large masses. 

By plotting tho volume of a given mass of water at different tempera 
ures, wo get a curve similar to ^at illustrated in Pig 61 This curve, at 
emperatures above 4°, shows that water, like most hquids, expands 
phen heated and contracts when cooled doivn to 4® , but the curve below 
c® 18 abnormal It shows that water erpands when cooled below, and 
ontracts when heated up to 4® If the spcciflc gravity of ivatcr at 4® bo 
aken as unity, it follows that water becomes specifically hghtcr when the 
emperaturo is raised or lowered beyond this pomt The e-rpansion of w atcr 

* Roughly about 0 per mm for a few degrees above and below 100® 
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when cooled from 4 ° to 0 ° is very small, but that mmutc quaiUity hfuj a \ cry 
important bearing m nature men the natci on the surface o/. a 
lake 15 cooled, it contracts The heavier cold water sinks, and the warm 
water nses This circulation cools the temperature of the whole body ot 
water dow-n to 4 ° , any further coolmg results m the formation of bi>eci- 
fically Lghtcr water Accordingly, tins remains on the surface, and circu- 
lation ceases Fina^, as a result of this remarkable and abnormal property , 
when the temperature of the atmosphere falls to 0 ®, a surface film of ice is 
formed^ If the water did not 


/■coze 


expand in this w’ay, ns the tem- 
perature fell to 0 °, the whole body 
of water would freeze from below 
upwards and produce profound 
chmatio changes, smeo the larger 
amount of ice formed in winter 
would materially affect the tem- 
^icrattire for the rest of the j car 
In the act of freezing water ex- 
pands so that 100 c c of hquid 
water at 0 “ gi\es approximately 
110 c c of ICO at the same tem- 
perature The specific gravity of 
ice at 0 * vanes with its mode of 
formation from 0 9169 to 0 9182 , 
the specific gravity of water at 

0® IS 0 999867 Accordingly, ice floats on the surface of w ater 
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61 — Relations between tbo ^ oluiiiu 
and Tompernturo of Water 


The oxjian 

Sion of water dunng freezmg is an important factor Tlic cxpnnbion may 
burst the intercellular tissue of plants by freezing the cell-sap , the expan- 
sion may disrupt the fibres of flesh, so that frozen meat appears itvthtr 
more “ pulpy ” than ordinary meat. If water freezes in pipes, the expan- 
sion of water m the act of freezing may burst the pipe, and w ater xvill “ leak ” 
when the ico “ thaws ” , water freezing m the surface crcviqes of rocks 
sphts and widens the fissures so that the surface cnist of the rock apjicare 
to disintegrate during a “ thaw ” Tlie dthris collects as “ talus ” at tlic 
foot of tlie rocks, ready to he transported by water to lower le\cls licneo 
this simple force plays on important part m the weathering and dcca}' of 
rocks, buildmg stones, etc , m countries exposed to altcmalo frost and 
thaw, and J fl^dall adds "Tlio records of geology are mainly tho 
history of the work of water ” 


§ 3 The Molecular Structure of Water. 


Steam or water vapour -—The student so frequently represents water 
by tho formula HoO, that he soon belieies that tins symbol correctly 
represents tho molecule of hquid wxatcr As a matter of fact, tho molecule 
of water IB probably much more complex Tlie vapour dcnsiU of steam 
IS rather too great for the molecular formula HjO, and much too small for 
H 4 OJ It IS therefore assumed that steam contains a mixture of H 0 
with a few H^Oj molecules, and that the cquihbuum condition for W'aler 


” w forincd at tho bolloin of r,i,„dly iiioviii? 
Btroams when tho water is thoroughly mu,od and docs not Boltlo in hiyore. ^ 
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vapour, H^Oj 5=^ 2H20j corresponds with 91 per cent of H„0 molecules 
ul the vicuuty df 100® 

Liquid water — In order to explain the veiy curious physical properties 
of hquid water, e y Fig 61, it was assumed by W Rontgen (1891), that 
water is a mixture of two kmds of molecules which ho called “ ico 
molecules ” and “ water molecules ” The “ ice molecules ” were supposed 
to form a mass more complex though loss dense tlian “ water moleo^cs,” 
so that dunng tho fusion of ice and the subsequent warming of the ice 
cold water, the volume contracts as indicated in Fig 61 Later mvcstiga 
tions have led to the assumption that hquid water contains three kinds of 
molecules which are formed by tho association of, eny, n simple molecules 
of H5O to form more complex molecules, (HoO), There may be some 
difference of opimon as to tho numerical values of n, but there is httlcroom 
for doubt about the oxistonco of complex molecules Tlio amplest asaimp- 
tions are that « = 1, 2, and 3, so that the three kinds of molecules are 
represented H3O, which has been called “ hydrol ” , H^O,, called 
“ dihydrol ” , and HgOj, called “ ttiliydrol ” ^ 

^ Ice or solid water — G Tammann (1910) has studied the effects of great 
pressures on the properties of ice, and deduced the existence of two distinct 
varieties Ordinary ice, which orystalhzos m the hexagonal sj'stcm, and 
which ho calls Ice I, or light ice, because it is lighter than water at 
ordinary temperatures , and Ice III, or dense ice, formed b\ aibjcctmg 
ice to pressures exceeding 2000 atmospheres, and which passes at once 
mto ordinary “ Ice I ’’ if tho pressure be reduced Tho transformation 
of “Ice in” into “Ice I ” can bo delayed by rcdiiomg tho temperature, 
so that samples can bo examined in vessels at Uie temperature of hquid 
aar, about — 180° If 100 be made by freezing water while under a pressure 
between 500 and 2000 atmospheres, a variety of hght ice is obtained 
called Ice IV, because it is not quite identical m properties inth “ Ico L” 
Similarly, if dense ice bo made by freezing water while under a pressure 
of about 3000 atmospheres, a variety of dense ico — called Ice II — is 
obtained which is not tho same os “ Ice III,” made by compressing ice 
itself to 3000 atmospheres ” Ico III ” is stable below 33 4° at 2220 atm 
pressure, and below — 26° at 3116 atm. pressure A fifth vanety, Ice V, 
has been prepared at — 17° under a pressure of 3420 atm. Tins posses into 
a sixth variety. Ice VI, at 6170 atnt pressure Icc 1 1 exists only above O^C , 
and the effect of pressure on its melting point has been traced up to tho 
comparatively high tomporature 76 36° at 20,000 atm pressure 

If these views about the constitution of steam, hquid water, and ice bo 
correct, it is hardly correct to say, without some reservations, that tho 
passage of ice to hquid water and to steam, and the converse changes, are 
purely physical changes Confer §§ 2 and 3, Chapfor If 

1 In an attempt to account for tho properties of dilute solutions, H E Arm 
strong ( 1008 ) fm^er assumed that some of these molecules ha\e tlio same com 

E oaition, but a dinerent structuro , thus tho dibydrol^ moloculo is ossuxnod 
y Armstrong to exist in two difTeront forms 

Dihydrone h> 0 = 0 <H Hvdronol h> 0 <§[? 

But this 18 not tho placo to discuss the evidence adduced m favour of a belief m 
the real existence oi these unagmaiy substances 
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§ 4 The Vapour-pressure of Water Boiling. 

Kinetic theory of evaporation — The molecules of a liquid are pro 
hably much closer togclhei than is fho case iiith gases, and (hey are 
accordingly subjected to the action of comparatively pon erfnl mtor-mole- 
cular forces Diffusion also 611011*8 that the molecules of a liquid arc in 
motion, but, in consequence of the great ovci cron ding, the number of 
collisions must be comparatively gieat Tlie molecules m the bodjy of 
the liquid are attracted by the other molecules equally in all directiom^ 
but at the surface, the inolceule can only bo atti acted innards. What 
\nll happen to a molecule, iihicli, in the coui'se of its nandoniigs, reaches 
the surface ? If its velocity be great enough the molecule mil rush uji- 
n ards boj ond the range of attraction of the ol her molecules m the liquid, 
and thus pass into the space aboae On the other hand, if the aclocity 
of the escaping molecule bo not gieat enough to carry the molecule so far, 
the upnai-d vclooity of the molecule mil become ksa and liss, and finallv 
the molecule mil fall back and plunge into the liquid again The case 
IS somewhat analogous 


mth the hehainoiir of a 
stone thrown into the 
an If the stone were 
projected upwards with 
y\ sufficient velocity, say 
^ 50,000 feet jier second, it 
would leave the earth 
never to return Hence 
if the boundary surface 
of a hquid could bo 
magnified sufficiently, 
and if the kinetic theory 
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-Dingraininatic Re^rpspntnlion of the 


be correct, a cioss-scction of the liquid would present some such appearance 
as mdicatcd m Fig 62 (after A D Ristccn) The trajectories of the mole- 
cules are also shown in tho diagram Many of the molecules w Inch Icaa o thn‘ 
surface of tho water fall back again , and those which lca\o and do not 
return reduce tho volume of the hqmd, and finally lend to tho complelo' 
evaporation of tho liquid Raising the temperature of the liquid accelerates 
the motions of tho molecules and so hastens the process of evaporation 1 
A draught of air across the surface also faiouis the passage of the mole-I 
cules away from the atmosphere above the evaporating liquid and icduces 
the chance of return 

Cooling effect during evaporation -A liquid becomes coolci durmc 
evaporation ^lo luetic theory shoivs liow tins can occur DtiriiJ 
evaporation, the fleetest molecules can alone escape from tho liquid the 
more sluggish molecules cannot get beyond the migo of attraolmn of t c 
molecules remaming in tho hqmd Tlie fleetest moleSlcs have the greatest 
kinetic energy, and we have seen, p 116, that the temjieratiiro ofTmaS 
of molecules is proportional to tho average lunctm wass 

IS. therrfore, tto fitest moleonta Si 

To atatolo the offeol oi evapomfo..! a hWo olteSpfaS’ll a 
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•Tnall beaker isrith a few drops of water on the tmderside, the water will 
freeze if the ether be evaporated quickly by blowing a jet of air across the 
surface Advantage is taken of this fact to sohdifv carbon dioxide by 
the rapid evaporation of bqnid carbon dioxide, to sohdify hydrogen by 
the rapid evaporation of hqtud hydrogen etc. The principle is also 
utilized, m cold storage, etc. 

Heat of evaporation and fusion — ^A relatively large amount of energy 
IS needed to transform a gram of water mto steam. The thermal energj 
required has to accelerate the motion of the individual molecules (specific 
heat) and at the same time to impart to the molecules sufficient momentum 
to tear them apart against molecular attraction (latent heat of vaporization) 
The amount of heat required to turn one gram of water at 100° mto steam 
at 100° 13 537 cals.* This is the latent heat of vaporization of wuter 
The number means that steam at 100° has the equivalent of 537 cals of 
energy — mtemal or potential — ^more than hqmd water at 100° This 
energy is degraded as heat when steam at 100° is cooled to liquid water 
at 100° Similar remarks might be apphed to the meltmg of ice to hqtud 
water , and the freezing of hqmd water mto ice. In this case, one gram 
of ice at 0° m meltmg to hqmd water at 0° requires about 80 cals. — this 
IS the so-called latent heat of fusion. Similar relations hold for oiher 
substances If secondary changes — eg decomposition dnrmg fusion — do 
not occur alt substances exhibit charactcnstic latent heats of fusion and 
vaporization In virtue of these facts, it follows that weight for weight a 
hqmd contams a greater amount of eneigy than a solid, and a gas contains 
a greater amount than a hqmd. In order to change a solid to a hqmd or 
a hqmd into a gis energy must be exjdcd to the substance and for the 
converse changes, gas to hqmd, or ligmd to ®ohd, energy must be mfh- 
draiDii from a substance The energy needed for the evaporation of natural 
waters is mainly denved from the heat paid out by the sun.” 

Vapour pressure. — Suppose that a hqmd is evaporating in a closed 
vacuous space The fleetest molecules cannot escape into boundless 
space, and consequently they accumulate as a gas or vapour m the space 
above the hqmd." The concentration of the vapour in the space above 
the bqmd will go on mcieasmg The molecules of the vapour behave like the 
molecules of an ordmaty gas, and consequently a certam percentage will 
plunge back mto the hqmd. The number of molecules which return to 
the bqmd from the space above per second of course mcreases as the con- 
centration of the vapour mcreases, although the rate at which the mole- 
cules leave the bqmd probably decreases as the concentration of the 
vapour mcreases. When the number of molecules which return to ttie 
j hqtud m a given time is equal to the numher of molecules which 
I leave the hquid m the same tune, the vapour is said to be saturated, 
’ and the system m equHibnum. With the notation previously used 

100 ’ 




1 A calone bv the wav js a unit o£ heat represented by the amount of hevt 
required to raise the temperature of one pram of water one* degree 

- The distmction between ‘ gas ” and vapour ” is somewhat vague If 
the " elastic fluid ” be \ erv far from its temperature of hquefaction it is generallv 
called a gas’ and ‘ vapour” if it » near its temperature of liquefaction 
A g oxvgen, nitrogen etc. at ordinary temperatures are ga=e3 , wliereas water 
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Tlic equilibrium, it will bo observed, is not a static condition, that is, a 
state of rest Both processes are active (kinetic), not passi\o (stntio) 
Tliere is a sliouci of molecules streaming into the licjiiid, and an oflUix of 
molecules auay from the liquid The effect of one is neutralized by the 
other , neither can produce any visible result Anj'thing Avliich disturbs 
this equaht 5 ’- — c g a dcsiccatmg agent or a condenser in the space aboAC 
(as in distillation, p 151), etc — ^\nll alter the conditions Experiment 
shows that at a given temperature the vapour pressure of a liquid 
' $in contact with its own liquid is a constant quantity, and indepen- 
|dent of the absolute amount of vapour and of liquid present in the 
j system It is easy to see this If the surface of the hquid be doubled, 
^it is true that tmee as many molecules will leave the surface in a given 
time, but twice as many molecules will return 

The vapour pressure of water at 0° is just equal to jyjp mm. of mercury' 
This means that if a little water be introduced mto the Torricellian vacuum 
of a barometer, at 0°, the 
mercury uill be depressed from 
760 mm to 755 4 mm The 
higher the temperature, the 
greater the vapour pressure 
provided all the water is not 
vaporized , but for any as«igncd 
temperature the vapour pressure 
of a given liqiud always has one 
fixed and definite xalue Tlie 
effect of temperature on the 
vapour pressure of water is indi- 
cated by the curve. Fig 53, which 
shows incidentally the effect of 
mtroduomg a tlun layer of liquid water into the Tomcollian vacuum 
^le dia^m shoAre the height of the barometer at different temperatures’ 
Tlie vertical distances between the two dotted curves ronresent iho 
vapour pressures of water at the corresponding temporaturas 

Boiling or rtuUition —As wo have just seen, raising the Icmneraf ure 
of an evaporating liquid increases the average speed of the molecules 
and favoms rapid evaporation When the tomperatum is high 
the exposed surface of the liquid is not sufficient to allow thrsinf 
moving molecules to escape fast enough, bubbles of vanmir i ‘ 

formed lairtin the liquid '^Each bubbb as it W 
increasing m size as it rises— and finally escanes mtn ii^ ^ ^irface- 
^e pro^ of vaporization by bubble fonJationw called boUinp*"°®^l T 
temperature at which boihng commences, the boiling ?oint o? f 

When the vapour pressure of the liquid is the same nf ^ i 

to which the liquid is subjected, the temperature does not uSfiv 
higher Increasing the supply of heat 4 .t ^s^ally rise any 

bobblo, 

boilmg point ot a liquid is the temoeratu™ ^ f i, ‘2 ^5^““ 
pressure of the liquid is equal to th! eater^al pr^^e SerttH? 
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any point on the hqmd surface This e-^tcrnal pressure may be exerted 
by the atmospheric air, by vapoui and air, by other gases, etc Hence 
■a table of the vapour pressures of a liquid at different temperatures also 
shows the boiling pomts of that liquid under different pressures Tluis 
l/water at a pressuie of 4 6 mm of mercury boils at 0° Hence liquids 
ulucli decompose at their boiling point under ordinary atmospheric pres 
sure can frequently be distilled inthont decomposition at the lower boiling 
temperature obtained by reducing the pressure Hydrogen peroxide can 
bo cited m illustration Hence the so called process of distillation under 
reduced pressure, or, as it is sometimes less accurately styled, distillation 
in vacuo Tlio process is illustrated later. Fig 78 

Measuring the volume of moist gases — "Wo have discussed evaporation 
in an evacuated space In 1802 John Dalton showed that llie mass of 

i rapmir required fo saturate a given space at a given temperature, and con 
sequentlg also the vapour pressure of a given liquid, it the same whether the 
vapour be by tisdf, or associated loith other gases upon uhtcJi it has no chemical 
aciion In other words, the total prossuro of a mixture of gas and vapour 
|i8 the sum of the partial pressures of each constituent Wien a gas is 
confined over water, the observed i olume of the gas is detcrimned by 
the temperature and pressure of the barometer By Dalton’s low 
the total pressure of the gas is the joint effect of two partial pres- 
sures * (1) the partial pressure of the water vapour at the obsened tem- 
poraturo, and ^(2) the partial pressure of the gas under observation 
Hence the barometer residing does not represent the pleasure of the gn«, 
but rather the pressure of the goa plus the pressure of the water vapour 
To find the latter, note the temperature, and n “ Table of Vapour Pies- 
sures of Water in Millimetres of Morcuiy,” iii most ‘ Table Books,” will 
furnish the desired datum Tins must be subtracted from the observed 
pressure (barometer) in order to find the pressure of the gas at the 
temperature in question 

EilAJITLE — ^W liat is the \oliimo of 41 litres of a pas at 0®, 760 mm when it 
13 measured m contact with water at 16 , and the barometer roads 707 7 mm ? 
From the * Table of Vajiour Pressures,” the vapour pressure of water at 16® is 
I27mm Bence the gas is really under a partial pressure of 707 — 12 7 = 766 mm 
of meroury The problem is now to bo solved like the example on p 86 
The answer is 4 24 litres 


§ 5 The Solubility of Solids 

/ 

‘ Water is one of the most active of solvents, and, in consequence, it 
' " has been styled “ the umversal solvent,” but not m tlie same sense as the 
visionanes alcahest (umversal solvent) so often mentioned in mediojval 
alchemy For convemenco the dissolved substance is often called the 
solute, and the hquid m which the solute is dissolved the solvent. If 
potassium chlondo be added to water kept at a constant temperature, 
the salt is gradually dissolved, and the process of solution contmues 
until a defimte amount has dissolved The amount of solid romaimng in 
excess of this will remam an mdefimte time without further change, pro 
vided the temperature remains constant, and no solvent is lost by 
evaporation The sobd and solution are then in cquibbrium As in the 
analogous ease of the vapour pressure of a liqiud, the cquflibnum between 
a saturated solution and a sohd is dynamic, not static Accordingly, 



WATER 


169 


vnth tlH5 preceding notation tlio cqmlibna respectively wlh solid and 
liquid solutes arc represented 

SolutCjjq ;?:iSoIutCgoi 

Tlie solution is said to bo saturated mth the salt at the temperature of 
experiment The weight of salt dissolved by loo c c of the solvent so 
as to make a saturated solution at any assigned temperature is 
called the solubility of the salt.^ Thus, 100 cc of water at 20° will 
dissolve 35 grams of potassium chlonde, and accordingly, 35 is the 
solubihty of potassium chloride in water at 20° The concentration of a 
solution IS determined by the iclalive amount of solute in solution If but 
a small proportion is picsent, the solution is said to be vcnl or dilvtc, 
if a relatively large amount of solute is dissolved, the solution is said to 
bo strong or concatiraied 

The so called msoluble substances obtained ns precipitates in anal} sis 
arc in reality substances wnth a veiy low- solubility It is all a question 
of measurement As the methods of obsenation become more and more 
precise, so docs the hst of insoluble substances grow' less and less Tim 
general use of the term “insoluble” must in consequence give way to 
“spanngly soluble” In illustration, the thrtc precipitates obtained iii 
the first group of the regular scheme for qualitatnc analysis arc not lenlly 
insoluble in water because their solubihties, per 100 cc of water, at 20°,* 
arc represented by the following numbers silver chlonde, 0 00016 gram ,| 
mercurous chloride, 0-00031 gram , and lead chlonde, 1 18 gram * 

The influence of temperature — Tlio solubility of most substances 
increases mth the temperature , the higher the temperature, the greater 
the solubility The relation between the solubihty of solids and tem- 
perature IS usually plotted in the form of curves called solubihty curves 
The solubihty curve presents a graphic picture which enables the relation 
between solubility and temperature to be seen at a glance In illustration, 
Fig 178: shows the solubility curves of potassium and sodium nitrates; 
Fig 60 shows solubihty curi'cs of potassium chlonde, chlorate, and per- 
chlorate The upward left te-right slope of the curve shows that tho 
solubihty of these salts vicreases with a nso of temperature Sodium 
chloride is but shghtly more soluble in hot than m cold water, and a few' 



and also 


SoiuniiiTT or 
Calcium chromate— CaCrO* 
Calcium hydroMdo — Ca{OH)-. 
Cerium sulphate — Ce-tSO*)! * 
Sodium chlonde — NaCl 
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Some solubihty curves exhibit irregulanties at certain tomneratuie. 
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It IS shown in Fig 64 ^ Tho solubility of tho salt, Na 2 S 04 10H_,0, 
increases rapidly with rise of tomperaturc, os slioivn by tho slope of 
the ourvo AO, Fig 64. There is an abrupt change in tho direction of 
tho solubihty ourve at 33° — 0, Fig 64 Above that temperature tho 
solubility decreases with rise of temperature The mterpretation is that 
the solubihty ourvo is really comjiounded of tao solubihty curves. Tho 
curve of mcreasmg solubility ivith rise of temperature below 33° roprosenls 
the solubihty of curve of tho decahydrate, NajSO^ lOBUO , and tho 
curve of decreasing solubihty mth nse of temperature represents tho 
solubility curve of tho anhydrous salt, NajSO^ The decahydrate, at 33°, 
IS transformed into the anhydrous salt Tho decaliydrato is not stable 
above 33° , the anhydrous salt is not stable below 33° Tins temperature 
IS called the transition temperature or transition point, and tho change 
IS symbolized 

33 * 

Na,S04 10HjO£^NajjS04 + lOH^O 


*^The solubihty curves, it will bo observed, represent the condition of cquih 

bnum between tho sohent 
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by tho solubihty curves. Big 
64 Tho saturated solutions, 
when m eqmhbnum, have tho 


0 m 20 30 so sogntuHt^so^ identical m every way Wo 


Fio C4 — Solubihty Curve of Sodium Sulphate continue tho observa- 

tion of the solubility of tho 
decahydrate beyond 32 4° because it immediately splits up either mto tho 
anhydrous form, or mto some less hydrated form— e q Na,S 04 7Hj,0 , 
but since tho transformation of tho anhydrous salt mto tiio hydrate takes 
an appreciable time, it is possible to measure the solubility of the anhydrous 
salt below 32 4. This is mdicated by the dotted hne m tho diagram 

The solubihties of tho two sodium sulphates — anhydrous and deoa- 
hydrate — are quite different. If the sohd decahydrate were m contact 
with a saturate solution at 20°, and some of tho anhydrous sulphate were 
added to the solution, some of the anhydrous sulphate would dissolve 
and ho deposited later as tho decnliydrate Tho final result would be a 
transformation, through the medium of the solution, of the anhydrous salt 
mto file deoahydrate Although 100 co of water at 0° can only dissolve 
about 6 0 grams of tho deoahydrate, tho same quantity of water can dissolve 

• The ordinates and obsciRSD in this diagram are usually reversed It really 

makes no difference, but for the sake of ease I prefer tho system used m the text 
since we can then see tho relation between solubilitv curves and temperature , 

concentration diagrams usually represented as m Fig BG 
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much more of tlio anhj drous sulphate It is therefore iicccs'^aiy to specify 
uhich sodium sulphate is in question when refoience is made to “a saturated 
solution of sodium sulphate ” 


§ 6 The Freezing of Solutions. 

The curve OB, Fig 55 represents the solubility of sodium chlondc at 
temperatures ranging from — 23“ to -f-40“ , the obser\ ation cannot be con- 
tinued belou —23“ because the whole mass freezes, the upuard cun’o 
Mould probably stop only at the melting point of sodium chloride, 801“, 
if it M'cre not for the i oilatihzation of the uater Hence to dotcrinino 
the solubilitj, the pressure would ha\o to be \ciy great at this high 
temperature to prevent the ivater olatilizing 

The freezmg temperature of a solution is generally loiver than that of 
the pure solvent More than a century ago, C Blagden (1788) cited u 
number of observations mIucIi led him to the belief that the loucnng of 
the freezmg point is proportional to the 
amount of substance in solution In 
Blagden’s own words The effect of| 
a sdt IS to depress the freezing point 
m the simple ratio of its proportion 
to water This generahzation is some- 
times called Blagden’s law Tlic freez- 
mg point of an aqueous solution of 
sodium cliloride, that is, the tempera 
ture at which icc begins to separate, is 
gradually reduced by the continued addi- 
tion of small quantities of sodium chlo- 
nde, and reaches its lowest value, — 23“, 
when the solution has nearly 23 6 per 
cent of sodium cliloride , further addi- 
tions of the salt raise the temperature 
at wluch solid separates Solul soditmi Monde, not ice, then separates 
from the solution F Guthrie’s raeasuremenfs (1876) of the relation 
betueen the freezing point and the concentration of aqueous solutions of 
sodium chloiide aio sIiomti giaphically by the ciin'c AO, Fig 55 

It has long been knouTi, e\en as far back ns Aristotle s da}', that 
drmkable uater could bo obtained from frozen sea water, and that if 
an aqueous solution of salt bo gradually cooled, comparatn cly puio ice 
first separates from the solution Imagine a 5 per cent solution of salt 
subjected to a gradually diminishing temperature Start at 0“ When 
the temperature reaches, say, —3 4“ ice separates from the solution Tho^ 
mother hquid remaining has therefore more than 5 per cent of salt m? 
solution, as the temperature falls, more ice separates Tlic further! 
concentration of the mothqr liquid and the separation of ice continue 
untd the mother liquid has about 23 6 per cent of salt, Mhen the whole 
remammg liquid ficezcs m Hoc at -23“ Quite an analogous sequence of, 
changes occurs if solutions containing more than 23 6 pci cent of salt bo 
gradually cooled This time, however, instead of pure ice, pure salt 
sojiarates until the residual hquid has 23 G per cent of salt. Tlie wholot 
solidifies en masse at —23“ the coolmg solution has just 23 6 per cent 





Fig 66 — Solubility ond Frco?ing 
Curves of Sodium Clilondo 
atcr Solutions 



MODERN INOBGAiaC CHEmSTRY 


""162 

of salt, neither ice nor salt separates, iintfl the temperature has fallen to 
— 23®, irhen the ivhole freezes to a solid mwss No other mixture of water 
and salt freezes at a lower temperature than this Hence a solution 
contammg 23 6 per cent of salt is called a eutectic mixture , ^ and — 23® 
the eutectic temp erature,, F Guthne used to tlunk that this mixture 
— water with 23 6 per cent of salt — corresponded with the formation of 
a defui’te comiwund of sodium chloride and water — NaCl lOHoO — stable 
only at low temperatures Hence his designation cryohydrate for the 
alleged compound. Ponsot called the substance a cryosel The term 
‘^eutectic mixture ” is preferred m place of cryohydrate or cryosel 
V Cryohydrates — ^We now know that Guthne s cryohvdrates are nothing 
but mechanical mixtures of ice and salt. The one is entangled with the 
other It IS easy to understand how eutectic mixtures were mistaken 
for true chemical cempounds No matter what the onginnl composition 
of the salt solution, the last fraction to sohdify alvTvys has the same com- 
position , and a constant melting point Both these quahtics are often 
stated to bo characteristics of true chemical compounds. That the erj o 
\ hydrates of sodium chlonde and numerous otlicr salts arc not chemical 
copipounds IS based on the following evidence (1) The heterogeneous 
\.rjStruoture is frequently apparent under the microscope Tlie cij'stals of 
Jicc can often be seen lymg in a matrix of salt, especially if a coloured salt 
hke potassium permanganate, copper sulphate, or potassium dichromato 
bo employed. See Pig 177 for an illustration with solutions of carbon 
in iron (2) Unlike true orystaUmo compounds, the crjohvdrates ire 
generally opaque and lU defined (3) Alcohol may dissolve the solvent 
Icavmg behind a network of salt (4) There are no spetnl s’gns of chemical 
change durmg the formation of the cryohydrate (5) Hie ratio of salt 
to solvent is not always m molecular proportions. The agreement m some 
cases IS merely a coincidence (0) Hie composition of a cryohy drato is 
different when the solidification takes place under different pressures. 

The phenomenon — eutexia — ^which is lUnstratcd above, has attained 
great importance m the study of metallic alloys, nuncrals, and mixed salts. 
Other examples wall apiiear later 

'"N \ 

^ ^ § 7 Gibbs’ Phase Rule. 

The phase rule is one of the most comprohcnsiN e gcnorahzntionB known to 
man It is of unlimited appbcntion, and offers an accurate and rcad\ 
means of clossitymg all states of physical and chemical cqnihbna — At 
Matubhofeb. 

On plottmg fhe vapour pressure of water in the presence of its own 
hqmd, we get the curve OQ, Rg 56, which gives the vapour pressure of water 
corresponding with any given temperature when the hqmd and vajiour 
are in contact, and in equihbnum. Call this the steam Ime, or vapori- 
zation curve The ordinate of 0 represents the vapour pressure of water 
' aFD® , al lower temperatures the water freezes Plot m a similar manner 
the vapour pressure of ice at different temperatures, and wo get the curve 
OP, called the hoar frost Ime, or the subli mation curve Under these 

1 From the Greek w (eu), casdv, and t,,icu (teko), I melt Hence “ eutectic ” 
means “ thot which is easily melted ” The word tnn*roi was used by Aristotle 
(Probleitiafa, 1 50) m the sense of easily soluble or digestible 
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eonclitions, there is no intermediate hquid state, vapour condensps at onco 
to a solid, and the solid passes directly into vapour Solid iodine below 
its melting point 114° also vaporizes mthout liquefaction , arsenic can only 
be liquefied by melting the element under pressure , under oi’dinary con- 
ditions, arsenic sublimes without fusion It is found that the cfTcct off 
pressure on the melting point of leo can be represented by a curve OAV 
Fig 6G Tlie left-to-right domniaid slope of the cniwo shons that the 
nieltmg point of ice* is lowered by increasing tlie pressure TIius Iho 
melting point of ice at different pressures, accoiding to W Taminann 
(1900), IS approximately 

Pressure 200 400 1100 1700 2020 atm 

Melt mg point —2* —4“ —10 11® —17 6® -20 50® 


To emphasize these rclatious.'tho 
The curve OA* is called 


and 171 racMo, ice melts at +0 0075° XU UllljJ 
curves in the diagram are shghtly cxaggeiatcd 
the ice bne or fusion curve 

Before progressing furtliei in our study, it is convenient to fix special 
meanmgs to three terms , „ 

/component, phase, and*" - !j! Q 

} degree of freedom oi^^ 

\ variance 

Components — The 
components of a system 
are those substances 
which take part in the 
reaction but which are^ 
not decomposed m the 
process The components 
may be elements, or com 
ponnds nhich behave m 
a system, for the time 
being, as if they were 
elements There is only 
one component m the 
system just considered, 

namely, nater—HoO, the components in the s^'steni considered in the 
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Temperature 

66 — Vtvpour Preasuro Curves of Water 


xujv, rno components in the s^'steni considered in the 
prewous section— an aqueous solution of sodium chloride— are uater /H Ol 

two components were involved in oiii 
study of the solubihty of sodium sulphate, namely, water (H 01 nnrl 
sodium sulphate (NsjSO^) ^ hnd 

Phases— The components may group themselves m various uavs 
^ey may pass from one physical state to another, as when water bo^K 
frizes , they may fom simple solutions, as when salt dissolves in watei 
they may combine with one another m various w'avs as whou snrini, 
phate (NajSO^) forms the decahydrate (NaoSO^ 1 OH^O) etc Everv b om" j 
geneous state— solid, hquid, or gaseous— which tile nomo4 

produce is called a phase Tlie phases of a system are the^W !"i^i 
m which the components can exist A eutectic iq nnf n 
ease of aqueous solutions of sodium chloride, the eutectic wSmnS* two 
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phases — Nad and HoO With an aqueous solution of sodium sulphate 
at the transition point, Fig 64, wo had to deal with four phases — ^NojSO^ , 
NnjSOi lOK 0 , the saturated solution , and the vapour arising from the 
solution With freezing uater, wo ha\o the three phases leo, water, 
and vapour In homogeneous ^sterns there ean only ho one phase, e g 
gaseous systems, and in heterogeneous systems there are always two or 
more phases 

Vanance or degrees of freedom of a system — It will be remembered 
that the con dition of equilibrium of a gas inth respect to temperature, 
pressure, and volume was defined (on p 86) b}' the equation, jtv = BT, 
for ii IS a numerical constant whoso value depends upon the units of 
measurement (p 78) If only one of these variables bo fixed, sav the 
1 olumo, the state of the system will remain undefined, because the gas 
can retain one fixed volume, and yet have very different values for tempera 
ture and pressure Two of the three variables must bo known before 
the state of the system can bo defined unequivocally, without ambiguity 
If any two of the three variables bo fixed, the third variable can only assume 
one defimte value The two fixed variables are said to be arbitrary or 
i/mdependent vanables , the third variable, which can be calculated from 
the condition of oquilibnum ( pi. = ,.RT) when the two mdependent variables 
are known, is called the dependent variable Another term sometimes 
used for the independent \anabto is 'degree of freedom Tlie gaseous 
rystem under consideration has two degrees of freedom The degree of 
freedom of a system — also called the variance * of a system — is 
the number of mdependent vanables which must be fixed before 
the state of the system can be defined without ambiguity The 
gaseous ^stem defined by the equation, pv = RT, is bivariant, because 
it has two mdependent variables, or two degrees of freedom 

The system eonsistmg of hquid water and vapour has two vanables 
vapour pressure and temperature So long as hquid water is present the 
pressure is detenmned solely by its temperature , given either the pressure 
or the temperature, the other can be determined from the relation sym 
bohzed m the vapour pressure curve — ^Fig 60 Hence the state of the 
system is defined by two variables — ^the one is dependent, the other indo 
pendent. In other words, the ^stem has one degree of freedom, that is, 
the system is univanant. 

^ The three curves PO, OQ, and ON — ^Fig 60 — represent the conditions 
*^of equihbnum of three two phase systems sohd-vapour, vapour liquid, and 
solid hquid respectively These three curves meet at the point O Hero 
three phases can coexist m equihbnum Hence the point 0 is called a 
tnple point. The co ordinates of the tnple point are pressure, 4 67 
mm , temperature, 0 0070° 0 If the pressure or temperature be altered 
ever so httlo one of the phases — ^loe or hquid water — ^will disappear and a 
two phase univanant system represented by a point on one of the 
curves OP, OQ, ON will appear At the triple pomt the ^stem is 
mvariant. Confimng our attention, for the moment, to the hquid and 
solid, and neglecting the vapour, wo can define The freezing or 
melting pomt is the temperature at which both solid and liquid 
can exist side by side m contact wnth one another without changing 
Gibbs’ phase rule — J W Gibbs (1870-78) discovered an important 

1 That 13, ‘‘ variableness,” from the Latin, vanahiba, vannble 
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relation between the number of components, the phases, and the degrees of 
freedom of a system According to Gibbs’ phase rule, a system will be 
m equihbnum when its variance is equal to the number of components 
m the system less the number of phases increased by 2 . In symbols 

F=C-P+2 

where C denotes the number of components, P the number of phases,^ 
and P the variance or degrees of freedom of the sj'stem | 

Invariant systems — An invanant stem has no degrees of freedom,! 
and the state of system cannot therefore 6urvi\e a change of temperature^ 
or pressure In that case P = 0, or P = C 2 This means that IheS 
system -will have C + 2 phases if it is^n equihbnum If there be one? 
component in the system, os m the cace of voter at the tnplo point, three? 
phases can co-evist in equilibnum — ^ice, liquid voter, and steam Other-I 
vase expressed, if a system has three phases and one component the phase? 
rule tclk us that it vail be invanant, and therefore the slightest alteration^ 
of pressure or temperature vail cause one of the phases to disappear ^ 
Univanant systems — These systems hove one degree of freedom, andf 
vhen the system is in equihbnum, P = 1, or P = C + 1 If one of thol 
vanables be knoivn, the state of the sjstem can be determined os indicatcdf' 
above 

Bivariant systems — Tlicse stems have two degrees of freedom, 

and hence P = 2, or P = C Tvowinablcs must bo known before tlio | 
state of the system can be determined A saturated solution in the jirc-f 
sence of an excess of the solute is univanant, but bn anant if not soluratod I 
In the former case there are two components and three phases — solid, I 
solution and v apour , in the latter case there arc two components andl 
two phases Hence in the one cose, P = 2 -f 2 — 3 , and in tho other, f 
P = 2 + 2 — 2 Again, in tho region POP, Pig 66, tho system vall bo I 
bivanant, because there is only one phase and one component Pressure I 
and temperature may bo altered without mterfering with the state of tho f 
aggregation of tho ico so long as tho variations keep within thoboundonr’^ 
hnes, PO and ON Tho same remarks may bo applied to tho condition 
of the water represented by pomts in the regions NOQ and POQ 

Object of the phase rule — ^TIio phase rule is therefore a method of 
‘grouping sj stems which behave in a similar manner into one class It is 
essentially a system for tho classification of states of equihbnum 
grsteiM havmg the same variance behave in an analogous manner under 

temperature, pressure, and volume or con- 
centration It makes no difference whether tho changes be chemical or 
physical ^ mdicated above, tho phase rule also tolls us whether the 
phases of a heterogmeous system are those neoessaiy- for eoiiilibniim 
Specid application to solids and liquids —In tho application of tho 
phase ru o to alloys, minerals, and solutions vhen tho vapour prossum 
18 neghgibly small, only two variables need bo considoiwl 
or TOlumo. and tomporiture In a, at onto, iSipfi So ''' 

F^G-P+1 

Gramto, Fig 2— composed of quartz, SiO„, fdsnnr TC n Ai n non 

Al^Og, and KoO , and three solid phases mica ouart?’ and tnic, n 1 
^tom » nm^nont It . ol.o'L oqmbbn^k’S^ifnJt'Cg 
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transition pomt, it is able to survive a smUU vanatiou of temperature 
without ohangmg the state of the system 

To summarize some of the ^sterns previously considered 


Table VII — Olassotcation or Systems by the Phase Rule 


System 

Components 

Phases 

Degrees of free- 
dom or vonancOi 

Freezmg water 

Water 

Liqmd } sohd , 

Invariant 

Water above 0“ 
Unsaturated solution 

Water 

vaponr 

Liquid, \apour 

Umvanant 

of sodium chloride 
Saturated solution of 
sodium suTphato 

Water, salt 

Solution i vapour 

1 Bivonant 

at transition pomt 

Freezmg enteotic — 
sodium chlonde 


Na.SOj} NaJSO, 
lOHgO , solu 
tion , vapour j 

Invanant 

and water 

Steam and metalho 
iron m a closed 

Water, salt 

Two sohds 1 one 
hqmd (neglect 
vaponr) 

Invariant 

vessel 

Iron, oxygen, 
hydrogen 

ii<» 1 ±i«U , JfB y 
FojO* 

Umvanant 


§ 8 Undercooling— Supersaturation 

Undercooling — ^Heat a solution of sodium thiosulphate to, say, 70° m 
a glass flask , stir the molten mass with a thermometer as it cools , read 
the thermometer every two nunutes, and finally plot the results on squared 
piaper A curve — called a cooling curve — ^resembhng that illustrated 
in Fig 67, A, will be obtained. The terrace m the ooolmg curve at 68° 
shows that a change of some kmd takes place m the nature of the coohng 
substance at 60° The terrace corresponds ivith the temperature at which 
solidification or freezmg was m active progress The sudden slackemng 
(in the rate of coohng corresponds mth the “ evolution of the latent heat 
[of fusion ” os the hqmd sohdifies Repeat the experiment, but do not 
agitate the hquid , take care that the cooling hquid is quite still and pro 
teoted from dust by, say, a loose plug of cotton wool in the neck of the flask 
A coohng curve like that shown m Eg 67, B, will be obtamed. The hquid 
does not freeze, and no abnormal behaviour can be detected m the coohng 
curve The hquid “ ought to ” ^ crystallize ot 66°, but it does not. Drop 
a crystal of so^um thiosulphate into the hqmd moss The mass seems to 
sohify with almost explosive rapidity, and the thermometer immediately 
mdicatcs a nse of temperature The phenomenon is illustrated by Eg 67 , 0 
The hqmd sodium thiosulphate at a temperature below 66° is said to be 
surfushd, or, better, undercooled The hqmd may be kept m the siirfused 

1 Ought to ’’ 18 put m inverted commas to show that tho ordmary tneunuig 
of these nords is modified 
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or nndorcooled condition an indefinite time, and the process of sohdificn- 
tion can, in general, only be started by the introduction of a ci'vstal of tlio 
same tj^pe as tliat nhich is formed during the solidification of the given 
substance. Often a fleck of tho nght tand of dust floating in the air 
suffices to upset the state of apparent equilibrium Clear glasses and 
pottery glazes are solutions of silicates nluch have congealed to haiti 
masses ivithout crj^stallizing 

Supersaturation — Similar phenomena occur if water he saturated 
■mth Glauber’s salt— NaoSO^ lOHoO— at 30° Make sure that no excess 
of solid IS in contact mtfi tho liquid, and let tho solution cool as before — 
inthout agitation and without dust Tlie solubility curve, Pig 64, tells 
us that the solid “ ought to ” separate from tho system as the terapcratuio 
IS reduced Here is another case of apparent, fnhe, or motastahle equih- 
hnum Although tho solution canjbe kept an indefinite time in this con- 
dition, the seeding, or inoculation, of a supersaturated solution by tho 
introduction of a very mmutc quantity of a erj stal of dissolved salt will 
upset the state of apparent equihbnum * Tlie crjstal fragment becomes 



Fio 57 — Cooling Curves of Molten Sodium Tlnosulplmtc 


the centre or nucleus from w'hich crystals radiate into tho solution on all 
sides Similar results can be obtained with aqueous solutions of sodium 
acetate, sodium chlorate, etc If a solution holds more salt than cone- 
sponds with tho normal solubility curve of the salt, tho solution is said 
to bo supersaturated 

It is possible to distinguish between a saturated, an unsaturaled, and a 
supersaturated solution by bnnging each in contact with more of the solid. 
If the solution is unsaturated, more sohd will dissolve , if saturated, none 
will dissolve , and if supersaturated, sohd will separate until the solution 
is saturated Tlie concentration of an unsaturated solution is less, while 
the concentration of a supersaturated solution is gi eater than that of a 
saturated solution 


Related phenomena — hlany other examples of related phenomena aro 
known In analytical work the slow appearance of precipitates in dilnie 
solutions IS very common Pure water may be easily cooled to —3° or —4° 


1 In H. A Mien’ expenmonta on tho cryatnllization of tho rare oroamn 
compounds, aalol and botol, it waa found that tho Bubstances did not orystnlhzo 
at first when allowed to cool in open vessels in tho laboratory , but after a time 
whpn tho air of the laboratory had become impregnated with dust, presumably 
eontammg minute ^mns of both substances, crj-stnlUzation readily ocoiwed m 
open vessels exposed in the laboratory iccurrea m 
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wtliout tlie appearance of joo if kept quite still 'uliilo thc^temperature 
IS reduced , and the water can bo easily cooled to —6° or —7° if a layer 
of oil bo placed over the surface of the cooling water Phosphorus, sulphur, 
etc , behave in a similar manner Ico has not been heated above 0® without 
meltmg, but liquid water can bo heated to 105® or 100® without boiling 
When tlie boihng does start, it proceeds mth almost explosive violence 
The phenomenon is called bumping By suspending drops of uater in 
a mixture of ohvo and hnsecd oils uhioli has the same specific gravity as 
water, and a high boiling point, It Dnfour (1863) raised water to 178 
without boihng P J Couher (1876) foimd that dust free air saturated 
with moisture may bo cooled below the normal temperature of condonsa- 
tion, and John Aitken (1880) showed that dust is necessary for the 
formation of fogs and ramdrops 

Metastable and labile states of supersaturation — ^Inoculation or 
seeding is usuaUv necessary to start the process of crystallization of a 

supersaturated solution , and yet 
thosupcrsaturation maj'be corned 
so far that the crystals will grow 
spontaneously m the solution, 
without seeding Indecrl, it is 
possible to draw a “supersaturated 
solubility curve ” representing the 
concentration of a solution at 
different temperatures where the 
supersaturation is so great that 
crystallization will begin spon- 
taneously inthout inoculation 
Tlie idea is illustrated in Fig 68, 
where the region between the 
normal solubility curve and the 
supersolubility curve represents 
what is called the metastable 
state where mocnlation is neccssaiy 



Fro C8 — Labile and Metustable Equilibria 
of Saturated Solutions (after H A 
Miers) 


to maugurate the process of ciystalhzation , and the region beyond this 
represents the so called labile state whore crystallization may start 
Spontaneously without moculation 

Supersaturation and the phase rule — ^Tho phase nile, it will be 
observed, applies to systems m real equihbnum, not to systems in a state 
of apparent, false, or motastable equihbnum Wo are repeatedly con- 
fronted with those httle understood phenomena which, for convemonee, 
^have been grouped under the general term " passive resistance,” p 112 
^ The kmebc theory of supersaturation — ^Tho kinetic theory tluows a 
little hght on to the phenomenon of supersaturation A saturated 
solution in contact with the solid is supposed to be closely analogous with 
a closed vessel contoming a hquid m contact wth its vapour When in 
equihbnum, the same number of molecules pass from the surface of the 
sohd into the solution and return from the liquid to the surface of the 
sohd If the state of equihbnum be disturbed by evaporation or by low ering 
the temperature, the equality of the two opposing actions is disturbed and 
a new condition of equihbnum is established In the case of a metastable 
supersaturated solution, the exchange of molecules cannot take place 
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because no free solid is present Directly a particle of the dissolved solid 
IS added, the chssolved substance is rapidlj’^ deposited about the submei^ed 
particle as a nucleus until the concentration of the solution has reached 
its normal value In the case of a labile supersaturated solution, the 
crowding of the molecules is so great that they arc able to form aggregates 
large enough to serve as nuclei for the separation of more solid 


Questions 

1 How would you proceed m order to find tho \oIninc3 in Tvhich hvdrogcn 
and o'sygen combine to form water ’ What modification of your apparatus 
would j ou make, if you were asked, m addition to measure tlio ^ olumo of steam 
formed t \\ hat \ olume of gas is formed when 72 grams of water are decomposed 
(a) electrolj ticallv, {b) by means of sodium, (c) by heated iron ? [H = 1, O =: 16] 
— T^tctorio Unit , Manchester 

2 Wnto a short account of the phvaical properties of ice, water, and steam 
comparmg them xnth those of solids, hquids, and gases in general — London Unit 

3 How would you pro\ e that tho composition of water ma\ bo expressed bv 
tho formula H-O T Mention oscrj-tlimg that this formula implies W lint \ olumo 
would 9 grams of aqueous vapour occupy at 273® C , and under 380 mm prc«sure * 
Aberdeen Unit 

4 Tho specific gra\nt> of a solution of hydrochloric acid is 1 1715, and it 

contains 34 fi per cent of tho compound HCl How many cubic centimetres of 
tho solution will bo required for tho neutralization of 30 gnus of sodium hydroxide 
NaOH, p\en the reaction HCI + XaOH = H.O + JCnCl ? ’ 

6 Give an account of the properties of water, espccinllv those which iiinv 

bo termed cliomical properties How would you identify water and distininiish 
It from other colourless hquids ’ — London Unit " 

0 Writ© a short account of tho phase rule and indicate clearlv some u-sefiil 
applications of this generalization — Board of Edue. 

7 When ordinary water which has lieen m contact with the air is boiled 

^ LS given off Ho*v would you collect a sufncient quniititv for annlvses 7 
How could you prove that the gas was dissolved in water and that it is not a 
product of the decomposition of water by heat » How would vou determine the 
amount of one of tho constituents T — Oxford Locals mt 

tn - be«n wntten at different times HO and H.O 

(0-8) Pomt out tho objections to both expressions and state conciselv the 
reasons for representing tho molecule of water bv H.0(0 = lO) —London Vnti 

9 Desenbe some case of chemical combmation and stira case of solution 
Compare the two, and duscuss tho question whether any disti^on should or 


TemTCrature 0® 26® 39® 60® 70® 80® 90® 100® 

* ® " S** 6. 83 7. 80 S grams 

Flotthei^ults on squared paper so as to show a “solubilitv curve ” 

Gibbs’ rule"°In'th^^JSo of o®^tem^TOl^minff'r?t xariant in 

salt, saturated solution, and v ap^ur how many xwimte murX^hSt f T 
S the rei for your 

lo trive an account of the phase rule anrt *1,717 t r — ’ , 
standmg equilibria Illustmto your answer m affords in under, 

to the else of water Particular by applying the rule 

14 Can any distmction be drawn between the t 

substance and other cases of chemical combination 7 \vi?nf f » soluble 

and'what the difTercnces between a Bubstnnrn m si , resemblnncw^ 

substance in the gaseous state ® — New Zealand XJv.\v the same 
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Crystals and Crystallization 


§ I The Crystallization of Salts from Solutions 


If a saturated solution of a salt be allowed to evaporate, crystals of the 
salt separate uhcn the concentration of the solution becomes greater than 
that represented by a pomt on the solubility curve. The phenomenon 
becomes a little more complex when the solution contains tuo or moro 
salts which do not act ux>on one another 

The solubihty of a mixture of sodium and potassium clilondes in water 
at 25® IS represented by the curves slion-n in Fig 59 The ordinates re- 
present quantities of sodium ohlondc, 



the abscissa>, quantities of potassium 
clilondc Tlio concentration of a 
saturated solution of sodium chlonde 
at 25° is represented by the |X)int yl, 
and of a saturated solution of potas- 
sium cblondo by the point B Tlie 
hue AC represents the composition of 
solutions of sodium chlonde saturated 
in presence of the proportions of 
potassium chlonde indicated by the 
abscisste of the curve AG , and the 
line CB, tho composition of solutions 
of potassium chloride saturated in 
presence of the proportions of sodium 
chlonde represented by the ordinates 
of CB Tlio point C ropi-esents the 
composition of a solution saturated 
mth both salts The loluinc of 


( solution is here understood to bo the amount neccssarj to dissohc A and 
B gram molecules of the respective salts 

Sodium and potassium clilondes form neither " double salts ” nor 
hydrates Hence when a solution containing equal molecular proportions 
^of both salts is evaporated, the solution will become satural^ first 
(With respect to tho less soluble potassium chlonde, and this salt will 
I accordingly oiystalhze from the solution first As evaporation proceeds, 
{potassium chlonde continues separatmg, the successive states of the 
I solution are represented by pomts travclhng m the direction BG The 
I phenomenon is really wonderful The molecules of both sodium and 
I potassium ehlondes are uniformly diffused throughout the ongmal solution, 
I hut, as soon as the evaporating liquid has attamed a cortam concentration, 
^ the molecules of the potassium chlonde alone commence ciystal buildmg 
I The molecules of this salt ivithdrau from the solution in harmomous 
\o«Jei; 1110011 }S folloiied as ngorously as the bneklayer, when buildmg a 
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mansion, places bnck upon bnck, according to the plan prcdelcriiiincd by| 
the architect The operation continues until the solution has the comj>o*£ 
sition represented by the’ point C At G the solution is saturated mtlift 
respect to both salts Any further concentration of the solution ■w'lll result | 
m the deposition of sodium and potassium chlondes side by side, and the | 
solution 1011 go on depositing a mixture of the tiro salts until it has been ^ 
evaporated to dryness Here the molecules of both salts are simultanoousl\ s 
bmlding crystals side by side If sodium chloride be in excess, ivhat has I 
been said of potassium chlonde along BC, apphes to sodium chlondot 
along AC In each case C represents the end point of the cryslaJlizalion ^ 



§ 2 Fractional Crystallization. 

The molecules of a substance in solution appear to be distinct indi* 
■ndual's before crystalhzation,vlule m a crystallizing solution each mole- 
cule appears to exert some speafic 

/OOi 


attraction on its fellow molecules 
to enable them to separate from 
the solution m a de&utc orderly 
way Warm 50 grams of p otassium 
clilorate, ]ust above its melting 
pStntrhT'a nev porcelain dish, and 
keep the mass at that tempera- 
ture until it becomes viscid and 
almost solid This -will occupy from 
ten to fifteen imnutes Let the 
mass cool It contains undccom- 
posed potassium chlorate, some 
potassium chlonde, and potassium 
perclilorate Add 50 cc of hot 
water, say at 50®, and when all 
has disintegrated and the solution 
cooled, the crop of crystals of potassium perchlorate can be filtcretl off 
Evaporate the filtrate untd a drop crystallizes -when rubbed on a cold 
surface The fii-«t crop of crystals which separates is mainly potassium 
perchlorate, because this salt is so very much less soluble than the other 
two, 100 c c of water, at 15°, holds m solution about 36 grams of potas- 
sium chloride, 6 6 grams of the chlorate, and 1 5 gram of the pcrchloratc- 
The solubihty curves of these three salts are slioivn m Fig CO If the 
evaporation be earned too far, crystals of potassium chlorate will separate 
The first crop of crystals is redissolved in hot water and again allowed to 
crystaUiEe, potassium perchlorate can thus be obtained almost free from 
the other two salts ; and by repeated recrystallization it is possible to 
isolate the pure salt Reeiystalhzation is needed to get the pure product 
because the crystalhzmg salt often cames down intli it some of the 
mother hquid, or some of the other salts dissolved in the mother houid 

I T XuC « -v . * 
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Solubility 

Fig 60 — Soliibilit\ Curv cs of Potassium 
Ciilonde, Chlorate, and Perchlorate 


ca-aporation be continued, potassium chlorate inU cventuaUv 
Kparatc and the process of recrystallization must be repeated, in order 

^tSmmSon^r 

Tins opcrwtion-fractional crystallization-is sometimes a useful 
method of scparatmg.salts w^ch ^ffer apprcmbly m solubihty In some 


172 


MODERN INORGANIO GHEMSTRY 


COSOS it IS the only sahsfactory method of sepOrotion, even though the salts 
in solution do not differ very much m solubility The process of fractional 
crystallization is then very laborious, mvolving, may be, scores of 
crystallizations and reciystaUizations In other cases it is impossible to 
separate the salts in this ivay, because double salts separate The 
microscopic appearance of the three salts isolated in this manner is 



1)10 61 — Crystals of Potassium ChtonAe, Potassium Chlorate, aod Potassium 

Porohlorote 


shotvn in Fig 01 The outline drawings represent perfect crystals As 
a rule, the slower the process of crystallization, the larger and more 
perfect the ciystals The ciystals are usually more or less distorted 
because, oivmg to local differences m the concentration of the ciystallizmg 
solution, the solution m the vicmity of some faces of the crystal may bo 
more concentrated than the'others Perfect trj^stals are rarely found m 
nature or m the laboratoiy 


§ 3 Crystals 

In whatever manner, or under 'nhatever ciroumstances, a oiystal may have 
been formed, whether m the laboratory of the ohemirt or in the worloihop 
of nature, in the bodies of ammals or in the tissues of plants, up m the sky 
or in the depths of the earth, whether so r^idly that wo may literallv see 
Its growth, or by the slow aggregation of its molecules during perhaps 
hundreds, perhaps thousands of years, we always &nd that the arrangement 
of the faces of the crystal, and therefore its other physical properties, are 
subject to fixed and definite laws. — H P Gurvfi 

The const 2 incy of mterfaaal singles — hen homogeneous substances 
solidify from a state of vapour, fusion, or solution, their partides cobero 
so ns to form solid figures — crystals — ivith regular Bymmetnoal shapes 

t bounded by plane faces The sobds are then said to bo or3T3talli7ed 
Every crystalline substance of definite chemical composition has a 
specific crystalline form characteristic of that substance. This is 
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Flo b2 — Dimorphic Forma ol 
bochum Bipnosplmtc 


sometimeb calk'd R J Hauy’s law Tlie faces of crystals of the eamo 
substance may \ary m size and shape, but if the crystals ])Osscss 
the same chemical composition, and arc at the same tempciatiirc, tlio. 
intcrfacial angles have the same numcrjcal value In other words, the] 
angles between similar faces of crystals of the same substance are| 
preasely the same, and are characteristic of that substance Tins 
‘law ” was first announced by D Gughclmimi (1088) Tins means that 
the ciystallme form of a substance is not determined by the iibsolute 
position nor by the sizes of the faces of the orjstal, but rather by the 
dimensions of the mtcrfacial angles 

Polymorphism — Crystals of different substanecsliayo different fpniis , 
crj'stals of the same substance developed under the same conditions have 
the same form; but cr\’stals of the same substance developed under 
different conditions may or may not have 
the same form For mstance, crystals of 
sulphur formed above or below 1146“, 
p 397, there arc two differently shaped 
ciystals of sodium phosphate. Fig 62, 
crystals of sodium chloride arc octahedral 
if gmivn m alkaline solutions, and cubical 
m neutral solutions , ond conversely, 
crystals of alum arc usually octahedral, 
but cubical if grown in alkaline solutions 
Substances which crystallize m two 
different forms are said to be dimorphous, Fig 02, and bubslam,u> 
wluch ciy'stalhze m three different forms arc t,iid to be trimorphous 
Tiiamc oxide, TiOj for example, is known m Ihrco foniw>,jaiUlc,jmatas>c, 
and broofatc Pohnnorphsmis thcgcncral tcim applied to the phtnomonon 
wlien a substance ciystalhzcs m more than one form 

Tdeal and distorted crystals — One or more faces of a ciy'btal may be 
abnormally developed or stunted m growth During the growth of a 
crjstol, the concentration of the mother liquid ib rarely bo c\enh balanced 
on a,U sides as to allow the gro'wth to proceed with the same rapidity in 
all directions The ciystal wall grow fastest where the solution is most 
concentrated If a crystal grows on the bottom of a liquid at rest, flat 
plates, almost parallel wath the 
bottom of the A’cssel, may be 
formed, w'hile if the solution be 
agitated dunng ciystallization, a 
more umform grow-th in all 
directions may prevail This is 
not all, a cubical crystal may 
habitually grow most rapidly m 

TlSrS™,'” 5“”.“ "oionkr, or pnmolio oiyslal, 

crystal, JJ, Jug 63, or the crystal may crow uiuformlv ,,,^.,11 u 
Erections and the' ideal cube, (7, Fig 63, will be produced^ Tlic ai clcs 
between the faces, however awII remain iiiichanccd -90“ Thn 
suitable condition for umform giowth m all dircclons occui-s when 1 1 1 
growing crystal is subpeiided m the imddle of tho mvn., ^ 
mooo, of . l£ oryoW «.c„ 

o 




Fio 03 —Ideal niid Distorted 
Ciystuls. 
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to the ideal form If the orystaJhzation of a solution be rapid, the crystals 
are usually much smaller than if the process bo slow Again, the habit of 
a crystal may change when grown from hqmds contaimng other salts m 
solution Thus, potassium chlorate gives prismatic ciystals (Ibg 61) when 
H groivn m aqueous solutions , if much calcium chloride bo present, small 
I needle like crystals are obtamed , and if potassium lodate bo present m the 
solution, long plate like oiystalS separate from the solution. The crystal 
! angles, however, are the same m each case 

Ideal crystals — ^However much the crystals may be distorted, the angles 
between like faces have the same value, and m consequence, similar faces 
can be imagined at the same distance from the centre of the crystal In 
this ivay, tlie ideal form of a crystal can be derived from that of a dis 
torted crystal 


§ 4 The Seven Styles of Crystal Architecture 

A symmetnoal diape is one which consists of parts exactly similnr, repeated a 
certain number of times, and placed so os to correspond with each other 
The symmetnoal parte of a crystal are, under like circumstances, ahke 
oCeoted — Whkwell. 


Planes of symmetry — The great vanoty of crystals formed by different 
substances con be arranged mto seven ^sterns. Certom quahties are pecuhar 
to the members of each fystem For instanec, the planes of symmetry of 
each class are charactenstic A plane of symmetry is an imagmoiy piano 
(which divides the crystal mto tuo parts such that one part is the exact 
mut mverse counterpart of the other In other words, the two parts bear 
to one another the same relation that the image m a mirror bears to its 
object The mirror is the eqiuvalent of a plane of symmetry A crystal 
of sodium chlonde, for example, has nme planes of symmetry , three arc 
indicated in Fig 04, and six others are obtamed by tal^g planes diagonally 
through three faces of the cube The crystal of gypsum. Fig 66, has only 
one plane of symmetry , and a crystal of zmo sulphate has three planes 
of symmetry. Fig 66 ^ 



Fig 61 — Sodium Cliloride 



Flanes of Symmetry 
Fio 66 — Gypsum 



Fig 66 — ^Zmo Sulphate 


Axes of symmetry — ^Thon again, a crystal may be rotated about a 
definite axis through an angle, uhidi is a simple fraction — J, J, |, or i 
of the angle of complete rotation, 360°— such that tfie faces, edges, and 
comers are brought mto similar or symmetnoal positions, and the aspect 
of the crystal is the same as before rotation Tlie axes of rotation are 
then called axes of symmetry, Tlius we speak of dyad, triad, tetrad, 
’ Compare also Fig 4 for zmo sulphate 
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and licsad axes of symmetry according as there are 2, 3, 4, or 0 positions 
of symmetry dunng a complete rotation Tlius Fig 67, A, represents 
a lionzontal cross-sochon of a cr^ stal inth one hcxad axis of symmetry, 
hecanse dnrmg the rotation of - . a 


ABC 

Fio 67 — Axes of Symmetry 


the crystal about the axis 0 , / \ \ 

there are six positions where the \ / *0 / *o\ 1 *0 | 

ongmal aspect of the crystal is \ / A A 

the same Eig 67, B, C, D, a B C D 

^ectiTdy denote tetrad. 67 -Axes of Symmetrr 

tnad, and dyad axes of sym- 
metry Other grades of symmetiy, pentad, hcptad, octad, etc , arc not 
possible in erystals. The study of the forms of crj'stals is a special branch 
of chemical physics — cryslallography Sufficient is hero stated to gne the 
student an idea of a few special terms in common use. 

The seven systems of crystal architecture — ^Every known crystal 
can be referred to one of the following seven ^’stems • 

I Tndimc system — Crystals of this system have no axes nor planes 
of symmetry This ^stem has also been designated the “ anorthic,” 
“ chno-rhomboidal,” “ asymmetno,” or the “ double obhqut ” ej stem 

ExAiiPLEs — Potasaium dichromnto , copper sulphate — CaS 04 6H.0 , calcium 
thiosulphate — CaSjO, 6HsO , bone acid, potassium femcinmdo,* anindroiis 
manganese sulphate , copper sclenate , anortlute — ^lime felspar , crvohte, etc 

II Monoclmic system —Members of this system have one plane of 
«ymmetrv, or one dyad axis of symimetry , or both a plane and dyad axis 
This system has also been styled the “ monosymmctric,’' “ clinorhomhic,” 
or the “ oblique ” system 

^ Examples —Botox — iro2B40- lOH.O , pvpsum ferrous snlphato — reSO, 
Jin’ll — ^'n!COJ lOHjO, felspar— orthoclase , sodium sulphato 
— A 0 ;hO 4 lOH-O , ammonium magnesium milphnte— K.SO 4 lleSOi OH-0 not 4 is 
Slum chlorate, potassium tctrathionato_KjS 40 e , tart'anc ocid , sulplmr-^from 
fusion , cane sugar , arsenic disulphido— realgar , etc ” 

called to .. er,h„tomb.c “S ’""' 

nmm^u^ ma^Ts°ium^’’plw^hat?lxH aulphntc-5rgS04 7H.0 . 

arragomte , anhydrous sodium or siHcr siiinlift<«P*fin?i ^ ’ t sulplintf 

sodium arsenate, sodium phosphate— 'VaaPO barytes, 

tartar emetic . notassium • >“dino ‘ potassium nitmto . 


■■l™arato' "r to 

f.le„de pota,a„„ 

ol sI-mmX!^n^™d,lSE dtd 
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!■» soinetiina'i called the ‘ rliombohedrvl ” system, and it> is sometimes 
regarded as a special development of flic hexagonal f^'stem 

ExavpiiKS — Sodium periodate — NalO^ SH.O , quartz tourmaline , anti 
mon> , bismuth , calcite ice , graphite sodium nitrate , arsomo , antimony , 
n.ckel sulphide — millerito i omnauar oalcium ohlondo — CaCl» 0H«O , corundum 
cadmium carbonate, bismuth iodide, ferrous carbonate, zinc carbonate, man 
gnnese carbonate etc 

VI Hexagonal system — ^Here the crystals may have seven planes of 
8vmmetr3 , one he\nd, and six dyad axes of sjTnmetry 

Examples — Beryl apatite cadmiumsulphite—^grednockite, copper sulphide, 
load iodide , magnesium , beryllium , zinc , cadmium , calcium , pyrrhotito , etc 

VII Cubic system — ^The crystals m this system may hava nme planes 
of s^’mmetr3, six djad, three tetrad, and four triad axes of symmetry 
Tins system ha? been lariously styled the “Lsometrio,” "regular,” 
“ tesseral,” “ octahedral,” or the “ tessural ” system 

Exasiples — ^Diamond , potassium chloride sodium cblonde , alum , fluor> 
spar , iron pyntes , lead nitrate , magnetic oxide of iron , banum nitrate arsenio 
trioxido , galena , garnet ammomum ohloroplatmato silver chloride , boraoite j 
iron , platinum , lend , pliosphonis , gold , copper , edi er , arsemo , etc 

§ s The Internal Structure of Crystals 

Imagine two hundred bnlhont violm players playing the same piece with per- 
fectly tuned instruments but commencmg at different places selected at 
random The effect would not bo pleasmg, and even the finest ear could not 
rcMgmze what was being played Such music is made for us by the mole- 
culw of gases, liquids and ordmary solids They may be highly gifted 
molecules with a marvellous mtemal structuro, but m their activity, each 
disturbs the others A crystal, on the other hand, corresponds with the 
orohortra led by a \igorous conductor when nil eyes mtently follow his nod 
and nil hands follow the exact beat This picture enables us to understand 
Iww crystals can exhibit whole ranges of phenomena qmto wantmg m other 
bodies To me, the music of physical low sounds forth m no other depart- 
ment in such full and rich accord as in crystal physics — W Voigt 

Crystals are not only peoubar m the regularity of their external shane, 
but thej also possess a definite internal structure The properties of 
crystals are not always the same m different directions The harness, 
elasticity, crushing strength, rate of solution in acids, optical, thermal, 
and eleotnoal properties are generally different m different directions. 
Tins means that the elasticity, refraction of hght, thermal expansion, etc , 
of a eiystal is usually different when measured in different directions. 

In illustration, lot a slice of quartz be cut perpendicular to the long axis, 
and another slice bo cut perpendicular to this , let each shoo bo covered 
•with ^vnx, and pierced at the centre so that a wire can be inserted and heated 
bv an electric current The ivnx naturally melts about the hot rvire In 
the former cose, the molten irax inll form a circle , and m the latter case, 
an ellipse. If a cr5 stal of caloito be hung in a beaker of dilute hydrooholno 
acid by moans of a platinum wire, solution does not occur at a uniform 
Tate over the wholo surface, but the ciystal dissolves more rapidly in 
one direction than m another Mith salt, cubic system, the rate of 
solution IS the same in all directions. Agam, the rate at which light 
travels through cubic crystals is the same in all directions, butnotwth 
members of the other ^sterns. 
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The external foiin ol cvystAls is then mofst obtrusive characteristic, 
and it vfu& natuiftlly the fii'st to ariest attention, but tlio geoiuetiical 
sliape IS by no means the most chamcteiistic pioperty of ciystals, because 
the external geometrical form may be dcstioyed, and 3 et tlio fragments 
do not cease to be crystals On the eontrarj , the mo«t perfect glass model 
of a crystal is not a crystal, because it lacks tlio characteristic internal 
properties of crystals ^ In the case of granite (Fig 2), the cr 3 '‘stal 8 of 
felspar, quartz, and mica have been so crowded during their growth that 
they have had no chance to develop their characteristic external shape. 
The internal structure of each minoi'al, however, is characteristic A , 
crystal has therefore been defined as “ a solid hody bounded by piano J 
surfaces arranged according to definite laws, and possessed of definite j 
physical properties Both the cjctemal form and the pliysicnl properties | 
result from a definite mtemal structure ” The essenbal difference r 
between crystalline and amorphous substances is one of internal > 
structure, not necessarily external shape ^ 

An amorphous substance is one w'hieh, during “ solidification,” has not< 
taken the defimte external shape oharacccnstic of crystals, and the pro-j 
pertiea when measured in any one direction arc the same as wlien measured | 
m any other direction In this case it is assumed that the cunstitiicntj 
molecules are arranged haphazard In crystals, on the contrai^', where* 
the properties along paraUel directions are the same, but different m 
directions that are not parallel, it is assumed that ike ultimate molecules, 
or then motions arc oriented or armnged in a definite regiilai mannoi. 
W Voigt (l‘)00) aptly illustrates this idea by the metaphor cited above 


§ 6. The Growth of Crystals. 

The \ory molecules appear inspired with n desire for union and urontli 

J TiSDALI. 


Wo do not understand the phenomenon of ciystalhzation, nor do we 
know how cr 3 stals giow The facts indicated m the prcccing sections 
have made us almost certain that crystals grow by accretion, molecule b^ 
molecule, like bricks in the hands of the builder, and lir accord with “ an o 
architectural plon more elaborate and exact than that of any luiman 
architect ” Whatever be the actual size and shape of tlio structural unit, 
it 18 equally certain that (1) Ihe struchiral vmts or inoUcuhs of enjslah ' 
of the same chemical substance, under similar conditions, must he alike in 3 
size, and in the distribution of their attractive forces , (2) the relative position 
of any one molecule must be sijmmetncal with that of every other molecule , ' 
and (3) that the nay the molecules are packed in and along all parallel plane's ■ 
must be the same No other arrangement can be regarded as possible in 
a crystal Hence the study of crystal structure is reduced to the in- 
vestigation of the possible arrangements of networks of structural units 

conditions Mathematicians have shown 
that 230 different methods of packing are possible, and that all these 


» The sha^q of gems out and poliahod to aooontuato tho ornamental value of 
the gem must not bo oonfoimded with crystal struntnm n V ^ 

« crystal » applied to cut glass has a different moa^ufZ, 
word “ crystal » m tho to4 Transparent uh^ w not 

of opaque gloss are more or less orystalbne ^ varieties 
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ojin bo olassiHocI into seven groups corresponding with the seven systems 
of crystal architecture indicated above 

When a crystal is growing, curiously enough, the liquid in the imme 
diate vicinity of the growing face is more concentrated, for it contains 
more of the dissolved substaUoo per imit volume than the hqiud a short 
-distance away from the growing face. At first sight, it seems os if the 
I growing crystal exerts some kind of attraction on the molecules of the 
i> dissolved substance a short distance away For mstance, if a saturated 
solution of zmo sihcate in molten lead borosihcate tinted with cobalt 
silicate be allowed to orvstalhze, the crystals of willemite which separate 
will also abstract the cobalt sihoate from the solution, and form patches 
of beautiful “ azure blue ” eiystals m a colourless matri-c. If no oiystal 
hzation occurs, the matrix wdl be uniformly coloured an mtense blue 
The, kmehc theory of crystal grov^ — ^The kmetio theory has 
taught us that during orystallization it is probable tliat a senes of 
exchanges between the molecules of the oiy^l and the molecules of 
the solution are going on all over the surface of the growmg crystal 
Molecules of the dissolved substance are attracted to the surface of tlie 
growing crystal, the molecules of the crystal oontmually pass mto solution 
again If the crystal is growing, more molecules are deposited on the 

^ciystal than are lost in unit time, 
^and if the crystal is dissolving, less 
^moleonles are deposited on the oiystnl 
.than are lost m a unit of time. 

Lot Fig 08 represent, diagram 
jmatioally, a growing crystal, one face 
fof uhich IS incomplete, and assume — 
«as R Hooke did m 1066 — that tlie 
Istniotural umts are spherical molecules. 

F ® “ completed 

^ Ifaoe, it can touch rtree other spheres, 

land whether or not the molecule leaves the growing crystal will depend 
{upon the force of attraction exerted upon it by the three contiguous 
{molecules Again suppose that a sphere lodges on the little ledge 
Iformed by the top layer of the moompleted face It mil then touch 
\five mstead of three spheres , and it will be held in place by the attraction 
jof five contiguous spheres 

^ Obviously, therefore, (1) during the exchange of molecules between 
Jthe growing crystal and the solution, those molecules which have been 
deposited on the growmg face ivill be retomed more tenaciously than 
those deposited on a completed face , (2) as soon ns a few molecules 
: happen to be deposited in juxtaposition on the face of a crystal, subsequent 
grou th on that face will be more rapid than the sporadic growth elsewhere , 
(3) an incompleted layer will rapidly extend untiriF covers the entire face 
of the crystal, etc These deductions are m harmony with known facts 
iln illustration, if one part of a crystal be damaged the injured part will 
.grow more rapidly than the other parts of a crystal untd the injury dis 
'appears, and the perfect crystal is restored Further, if a crystal bo 
removed from a solution m which it is growing, it does not lose its power 
of growth, for if the crvstal be placed in a suitable environment at any 
future time, it will contmue growmg as if there had been no mterruption 
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Tliese tvi-o Btatomcnts aro domdnstrated by the sketch. Fig 09, from a 
remarkable photograph Some quartz crystals, grown during “lome former 
geological period, have lost then ovtcmal ciy'stalbne form by attrition 
as they “knocked about the uorld” — blown about as sand m the dSerts, 
\va5hed down the lullsido m streams of water, etc — and they were finally 
deposited as rounded sand grama along with the mountain limestone from 
some prehistonc sea Tliero the damaged crystals — sand grains — met ft 
suitable cnv’ronment in later years~ptobably water percolating through 
the limestone rocks, and carrjnng sthcic acid m solution The damaged 
cry'stals ivero repaired Each sand grain, now imbedded m each of the 
repaired crystals, served as a foundation for rebuildmg the damaged 
quartz crystals on the ongmal architectural plan 


§ 7 Isomorphism — Mitscherhch's law. 

WJuIo making preparations of the arsenates and nliosplmtcs of potassium 
and ammomum, E hntscherhch, 1818, noticed that the crystals were so 
like each other as to bo in- 
distinguishable by simple 
inspection , and a closer 
examination led Mitscherhch 
to conclude (1) that bodies 
of different chemical com- 
position may hai o tlic same 
crystalhne form, (2) sub- 
stancesof similar constitution 
haio the same crystalline 
(form hhtschcrnch wrote 
' The same monber of atoms 
j comhmed in th" same manner 
Xprodiice the same cryslalltne 
I form , ike cryslaUine form is 



Fig 89 — Grov^th of Qunrtz Crystals about 
b'and Grams 


^independent of the chemcal nature of the atoms, and ts determined soMuh,, 
ilmr number and mx»le of combination '"—Mtl^clfqfich^aw He notmed 
that the acid ar^natas and phosphates of poUs^rnd ZlZZm 
crystallize in si^ar te^agonal forms, and that one element or aroiin of 
elenrients may be e^hanged for another which appeara to aft in an 
^alogous manner Tims arsemc may be exchanged ffrphosphfms aS 
potassium for ammonmw'i wit.lim-if. navinfm.. it P. r., ^ aiict 



properties, m fact, the tw^se;;^ 

that the radicle of the acid m 1^0 ser S is Si Ji 

other It IS arsemc ” phosphorus, while m the' 

Inlo-I'cCO,. ohaly- 

tngonal system (Fig 128), again the fniimr-JT crystals in the 

celostmeisrSO;. and^ aSdSSo barytes^]}aS6, , 

ciystals. aragonite. CaC 03 , -therite. Ba 6 o 3 , stroSan?te!l^^^^^^ 
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cerussite— PbCOs, form isomorphoas rhombic ci^stak (Tig 128), etc, 
Mitscherhch appUcd the term isomorp hism — ^from the Greek Ms (isos), 
equal, (morphe), shape — to connote the fact that analogous elements 

can replace one another Avithout affecting the apparent shape of theciystals 
Mitscherhch s law of isomorphism, as well as the phenomena of poh - 
morphism, appear to contradict Hauy’s law (p 173), but later mvestigations 
have shown that the crystals of isomorphous substances are not absolutely 
identical, but only sinular m form- There are small but real differences 
betneen the members of an isomorphous senes of compounds. Thus, 
A. E H Tutton found that m the isomorphous selcnates and sulphates 
of potassium, rubidium, and caesium, specific chemical replacements 
are accompamed by clearly defined changes m the crystal stmeture along 
specific directions. Thus, when the basic element, 
say, potassium, m an alkaline, sulphate or sclcnato 
IS replaced by another of the same alkab faniQy 
group, rubidium or ciesium, the greatest alteration 
occurs in the crystal angles corresponding with an 
elongation of the vertical ass , and when the 
acid formmg element sulphur is replaced by 
selenium its family analogue, the greatest ex 
pansion takes place along the horizontal axes of 
the ciystals The diagram, Rg 70, shows, m an 
exaggerated manner, the effect of replacing potas 
Slum m potassium sulphate or sclcnatc by the 
Fxc 70 basic elements rubidium or ciesium. 

(After A. E H Tutton)^ , . Retgers* law of mixed crystals — ^Extended 
^bbserrations hare mnltiphed examples of sub 
stances which possess ‘a similar chemical constitution and a similar 
cn'stalhne form, but at the same time the observations have also 
brought mto prommence the fact that substances which ciystalhzc 
m similar or identical forms — particularly m the cubic ^stem — ^may 
exhibit wide divergencies m chemical constitution The converse of 
Mitscherheh's law does not, therefore, hold good. Similanty of chemical 
composition or similanty m crystalbne form are not adequate tests for iso- 
morphism. AOtscherhch also stated that “while substances of different 
cry stallme form cannot combme other than m fixed proportions, substances 
of the same orystallme form can crystallize together m all proportions ” , 
and J W Retgers (1889) considers all important the property of formmg 
mixed crystals m ^ proportions such that “if the percentages of one 
constituent of the mixture be plotted as abscissae, and the conespondmg 
magmtudes of the physical properties be plotted as ordmates the different 
.pomts he macontmuous hue,” or the physical properties of isomorphous 
Imixtures are continuous fimcbons of the percentage composition — 
(Regers’ law Physical properties here mclude geometneal, optical, thermal, 
elastic, and electneal properties, but on practicM grounds, Retgers considers 
specific gravity, or the reciprocal of specific gravity — specific volume — to 
be the most smtable property for mvestigation. An example is mdicated 
m Pig 71 where the specific ^olume of mixed crystals of (lotassium and 
ammomum sulphates arc plotted The contmuity of the curve shows 
that the specific gravity or specific volume and chemical composition of 
the mixed cry stals are isomorphous. The curves sometimes show a break, os 
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eo(NH^}SO^ 
20 K^SO^ 


Fig 71 — Sp<«oific Volumes of Mixed 
Crystols of ■\mmoninm and Pofas. 
Slum Sulphates 


is tlie ease with Jlitsclierhch’s phosphates, showing tliat the two suhstnnees 
are not miscible in all proportions, bnt the tivo portions of the curve are 
parts of one straight hne coTCsponding with the isomorphoiis character 
of the two salts If the curve shows a kink or abrupt bend, the two salts 
even if perfectly miscible in aU proportions, would not, according to 
Retgers’ definition be called isomorphous For instance, ammonium and 
feme chlondes are not isomorphous although octahedral ammonium 
chlonde forms coloured mised crys- 
tals by taking up a small amount of 
feme chlonde In special cases, 
double compounds may be formed 
which interfere with the apphcation 
of Retgers’ rule — c g potassium and 
silver mtrates form ELAgtNO,),, 
and potassium chlonde and cu- 
pne chlonde — CuCk 2H«0 — ^form 

2KCLCUCI2.2H2O 

Overgrowths — If a cr3stal of 
dark violet chromium alum be 
placed in a saturated solution of 
ordinary potassium alum, a trans- 
parent colourless overgrowth of 
potassmm alum is deposited os a 
crust over the dark-coloured chro- 
mium alum as a nucleus. Similarly , 
a crjstal of colourless sunc sulphate— Zn&04 7H,0— can be ccated mlh 
an overgrowth of green mckel sulphate— N1SO4 ciy stall of eodmm 

nitrate grow on Iceland spar , and a pale araethj st tnclinic crystal 
of manganese sulphate — JlhSO^ SILO — can be coated ivith blue copper 
sulphate CUSO4 SILO, etc H Kopp (1879) stated that this power of 
forming overgrowths, as well as the power of fonnmg mived crvstal- 
enables isomorphism to be detected even when no particulars about the 
crystallme form or about the chemical composition are available There 
are mme exceptions to the test for isomorphism — tngonal pota«!sium 

layer of hexagonal potassium «odium 

sulphate — KNaS04 

t — Substances which satisfy the three tests 

i (1) bimilanty of crystallme form (Mitscherhch) , 

I (2) Formation of mixed ciystals (Retgei?) , and * 

J (3) Formation of overgrowths (Kopp), 
are generally of analogous chemical constitution, and accordinglv isomor- 
the IS an infallible entenon, and here, as li so often 

monoclimc crj'stals The rhombic ciystals of aU the SltffnL ^ ^ 

morphous senes, and the monoclimc ^stSs of all tbt 5 one iso- 

ro^h'jL^rali-Jcall^^^^^^ -^"of iso' 

often contains sodium, wlule*trichnio soda felspaJ^!!^alb£Se'i“ 
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polassiam Hence P Grotli (1874) inferred that thi' is a ca^e of iso- 
diniorphi^m, and that two pnre rarietic- — ^monoclinic and tnclinic «oda 
md po*a<sh felspars should eiast The prediction was verified tno years 
later bv the discovery of microcline, the tnclinic form of potash felspar, 
and later still by the discovery of barbiente, the monochn>c form of soda 
fdspar Sodinm pho'^phate forms two distinct crvstab — rhomb c and 
monoclimc Tlie arsenate appears in only one of these forms Hence it 
is inferred that a monoclimc sodmm arsenate isoniorphous with rhombic 
sodi jm phosphate remains to be discovered 

“ § 8 The Rectification of Atomic Weights by Isomorphism 

1 The law of isomorphism can be used ns a control m dedncmg the 
chemical composition of a salt , and also in atomic weight determinations 
for decidmg between two numbers which are multiples of a common factor 
The method is restncted to crystaUine compounds , and it is only apphcable 
in con}iinchon with other methods of atomic weight detcmunations smce 
at least one member of the isomoipbous senes must be known. 

Mitscherhch deduced the number 79 for the atomic weight of sclemum 
by this method, and he also gave selcmous and sclcmc acids formula corre- 
cpondmg with sulphurous and sulphuno acids respectively, on account 
of the isomorphism of the snlphates and the selcnates The analyses of 
potassium sulphate and of potassium selenatc gave 

Potassmm. Owgen. Snlphur Selenium Total 
Potassium sulphate 44 S3 36 73 18 39 — —100 00 

Potassmm selenate 44 83 36 78 — 45 40 —127 01 


Assnuung that the molecule of potassium sulphate contains one atom of 
sulphur, that the molecule of potassium selenate contams the same 
number of atoms , and that the atomic weight of sulphur is 32, we have 
Atomic weight S Atomic weight Se = 18 39 45 34 

Hence, 

32 Atomic weight Se = IS 39 45 34 
Atomic weight of Eelemum = 79 00 

About 1836 the atomic weight of copper was supposed to be 63 4, and 
of silver, 216 6 The analysis of the native sulphides of these elements were 
accordm^y represented Ire the formulae CruS and AgS But J B Dumas 
(1837) pomted out that the two mmerals are isomorphons, and vanons 
mixed Aphides of the two elements are known by the general term “ fahl- 
q^” Hence the constitution of the two sulphides is probably the same. 
Assummg the formula of the one is CiuS, the formula of the other wiU 
probably be AgjS , and the atomic wei^t of silver 108 3, not 216 6 This 
result agrees with evidence deduced from other mdependent sources. 
More exact determmatious of the atomic weight of silver make this element 
107*9 , but this does not affect the prmciple of the aigumeut 


Exampee. — ^A nalyses of alumina show that A1 O = 18 1 
of alumimam in 9 03 , hence the formula of alununa might be 
AlO AI-Oj AIO. 

O AI 16 181 48 271 32 36*2 


16, the eqmvalent 

AIO, 

48 54 3 


that IS the atomic weight of alummiom might be 18 1 27 1, 362. 54 2 There 
IS nothing in the composition of the oxide to show which of these numbers should 
be selected It is known, howei er, that ferric oxide — Fe.O, — forms a senes of iron 
filuins ssomoiplions Trlth tlie slnnumiiiQ olniiis li^nco it is inferred tbot the consti 
t^tion of alorouuimi oxide Is Al^j and that the stoimc "weight of alatniniom is 27 ] 
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Questions 

1 State the lair of i 30 inor])hLsra nnl givo oxnniplcss of its utilitv in fiMup Uio 
atomic -wciglits of elements — St 4 ndrewa Univ 

2 “ Sodium aulphito, Nn-GOj 7H.O, forms colourless tnonocltntc crffitale, ivitli 
ft sofinc taste, and allalnic reaction The crystals effloresce in dry ftir , tlioj are 
soluble in TTutcr , and become anhydrous x\hon heated to 160° At a higher 
tempemturo the crjstols decompose forming n jellou liquid " E\pluin the 
mearung: of the terms in italics in tlus quotation 

3 “ The element sulphur is dimorphous It occurs m both rhombic and 
monoclinic crystals, and also in nn amorphous condition ” Explain tho menniiig 
of the terms in italics in this quotation 

4 Discuss tho statement of Itfitschcrlich that equal numbers of atoms similarly 
combined exhibit tho samo ciystallmo form , identify of crv'Btallino form being 
independent of tho chemical nature of tho atoms, but conditioned oiiU bj their 
number and configuration Point out tho prcciso ^aluc, ns \rcll ns tho hmitations 
of this " law *’ OS regards its bcarmg on chemical classification — Science and Art 
Dept 

6 State tho law of isomorphism , illustrate its application to tho doterminntinn 
of tho class relations of tho elements, and point out apparent exceptions to tho 
lau — London Untv 

0 Explain tho meaning of tho terms solution, snturnlcd solution, and 
crystallization Shotv how it can bo provetl oxpenmentallj that hot water is 
genernllj n better solvent than cold water — Cape Unn 

7 If the Bolubihtj of sodium ehlondo m water nt 20° is 36 G, how much 
water will bo needed nt this teinporuturo for tho solution of a kilogram of tho ajcilt 7 
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0/ONE AND HVDROCJtN PtROMDl. 

§ I The Modes of Formation, and Preparation of Ozone 

Ozovb Molooulnr wiifilit Oj = 48 Boiling point about -IJO’ Boliilivo 
iit>our density (H- = 2), 40 05 , (nir = 1) 1 02 

rhe Formation of Ozone — Ozone is produced by Iho notion of the ultra 
riolct rajs and radium radiations on-oxvgen Ozone cm Rcnimlli Ikj 
lotcctcd in the 0 x 5 gen gas obtained dunng tlic clcctrolj sis of acidulated 
natcr (p 20) Bj the olcclroljsis of sulphunc acid (betueen 1 076 and 1 I 
ipccific gratity), with an anode made by imbedding plitinum foil in glass 
ind gnnding away the edge so that a line of pla‘imim, 0 1 mm broiid, is 
jxposed, oxygen containing 17 to 23 per cenN of ozone lias been obtainetl 
riio presence of ozone can bo shown b\ means of a strip of p^ipor wotted 
rtith a solution of starch and a little potassium iodide Tlic paper so pre 
pared becomes blue w*ith ozone, not with oxygen 

The oxygon liberated by many reactions also contains ozone I'or 
instance, manganese dioxide and sulphuno ooid , baniim dioxuk and 
sulphuric acid , potassium permanganate and sulphuric acid, perstilplniric 
iioid, etc When fluonno decomposes water forming hydrogen fluondo 
and oxy'gon, from 13 to 14 per cent of the “ oxygen gas ” is ozone 

Ozone IS formed dunng the slow oxidation of man'v substances. Ozone 
ean bo detected in the atmosphere of a flask containing a couple of sticks 
of clean phosphorus. Ozone is said to be formed dunng the combustion 
of ether as well as dunng the combustion of hydrogen compounds gencralh 
At any rate, the xiotassium iodide test indicates the formation of ozone 
(or hydrogen peroxide) when a 8 ]Hral of hot platinum is placed aboac the 
surface ofjaJittiq.elhcrjn the bottom of a beaker Tlic ether bums jon the 
surface of the platinum, and the platimiin rcmaiiis mcaiidcscint as long as 
any ether remains in the beaker Again if a strong jet of air bo blown 
through tho upper portion of a Bunsen’s flame , or if a very narrow tube 
be presented to the lower edge of a Bunsen’s flame and a slow current of 
nir be aspirated through a little jmtassium iodide dissohed 111 water, the 
ozone (or hydrogen jieroMdo) reaction is obtainetl 

Ozone seems to lie fairly’ stable at ortlinaiy temjwratures although it 
gradually decomposes on standing It also appears to bo fairly’ stable 
at high temperatures, while at intcnncdiatc temperatures it is unstable 
Hence ozone may be formed by heating oxygen to a high temperature, 
and, by suddenly chilhng the gas, it can be cooled below the temperature 
at w hioh it is vciy unstable without being all decomposed Tlic ohilhng can 
bo done by blowing air or oxygen against the hot peiioil of aKcmst’s, burner , 
or by dippmg a hot Kemst’s pencil, cr hot platinum wro m liqmd air 
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Method of prepanng ozone — ^Tlie most usual method of making ozone, 
' or rather of prepanng ozonized air and ozonized oxvgcn ib to expose air 
\ or oxj'gen to a silent discharge of olectncity Quite a number of insiru 
'ments are available That ^ustrated at AB, Eig 72, is virtually the 
one devised by W von Siemens (1858) It consists of two conccntnc 
tubes The inner tube is coated on its mner surface mth tinfoil in mctallio 
contact vnth the terminal A , and the outer tube is coated on its outer 
surface inth tinfoil in mctalhc contact vitli the terminal B The ii\o 
terminals arc connected uith an induction coil A sloiv stream of oxygen 
IS led from the gasholder O through the ealcium chloride drjnng tube D, 
and then through the annular space between the concentric tubes, and is 
there exposed to the action of the silent discharge of clectncitj, operated 



Fio 72 — Preparation of Ozono with Siemens’ Tube 


by the mduction coil, Q, and battery E The gas issuing from the ozono 
tube or ozomzer is charged with 3 to 8 per cent, of ozone In Berthelot’s 
ozone tube the tinfoil coatings arc replaced wth milphunc acid (Fig 70) 
If air be used m place of oxygen, some mtrogen oxides are said to bo 
formed at the same tinic The presence of moisture is said to reduce the 
yeld of ozone,* although no difference has been detected m the amoimt of 
decomposition of the di^' and moist gas when heated for some time at lOO® 


§ 2 The Properties and Occurrence of Ozone 

Ozonized air has a strong unpleasant smell The smell reminds some 
people of sulphur ioxide, others of garhe, and othere of clilonne IfTi? 
highly charged with ozone be breathed for any length of time, it produws 

mateSThJ^(?not Kfd iZ ozomor m coSS “So g« ° 
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Iiondaolio , but ui minuto quantities the odour is pleasing and refrcbliing 
Ozono IS soluble in water — 100 volumes of water at ordinary temporatuics 
and pressure dissoho about one volume of ozone — and the water smells 
of the ozono and exhibits many of the properties of ozone The water 
slowly reacts with the ozone ^ Ozone .is dissolved by essential oils-r-tur- 
pe ntino. thvmc oil. oinnamonLQiI. etc 

Action on potassium iodide — ^Unlike oxygen, ozono liberates lodmo 
from neutral potassium iodide Tlus can be ^own by dipping paper m 
a solution of potassium iodide and holding it at the om tube of the 
ozonizer The paper turns brown owmg to tbe hbemtion of lodme If a 
httlo starch be mixed wuth the potassium iodide, the paper wnll appear 
blue The reaction is usually represented 

Oj + 2 KI + HjO = 03 + I 3 + 2 KOH 

Ozone Oxjgon PotOBSium hydroxide 

The potassium hydroxide is alkahne Hence if red htmus paper bo 
steeped in water contammg a trace of potassium iodide, the moist papei, 
when exposed to ozonized air, will bo coloured blue owing to the action 
fof the potassium hydroxide on tlio red litmus If ozone acts upon an 
[aoidifiod solution of potassium iodide, the result is different from that wlueli 
vocours with neutral potassium iodide The action also depends upon the 
temperature and the strength of the solution (B Brodic, 1872) 

The method use^l for the deteimmation of ozone m air etc , is based 
upon the reaction symbohzed above. A knoivn volume of air is drawn 
tl^ugh a neutral solution of potassium iodide, and the hborated iodine 
IS determined by ocidifymg the solution, and titratmg the hberated lodmo 
with a standard solution of sodium -thiosulphate, as will be mdicated later 
The standard method for estimating ozono m, say, the atmosphere is to 
expose ozone test papeiw ^ for a definite time to the air and compare the 
^ rcsultmg tint with a standard scale of colours obtamed with air oontaimng 
known quantities of ozone Since other o-<adizmg substances, likely to 
bo present m air, produce a similar reaction, it is a moot question whether 
the large number of ozone determmations ” which have been made 
really represent ozono, or hydrogen peroxide, nitrogen oxides, chlonno, 
etc Rather does the result of the test represent the presence of “ oxidizing 
substances.” 

Oxidizing action of ozone — Ozone is a very powerful 'oxidizmg 
agent. Paper coloured by a solution of indigo sulphatajor a solution of 
htmus IS bleached. Other substances — ^hydrogen peroxide, chlorme, 
mtrogen oxide, etc — give these reactions and hence the tests do not dis 
tinguish between ozone and the compounds just named. Put a globule 
of mercury in a small fiask, pass ozonized air mto the flask and sliake the 
^•globule of mercuiy about The mercuiy loses its lustre, and spreads a 
film over the ivalls of the flask Tlie globule mercuiy is restored when the 
film 13 shaken up with ivater If a pece of silver foil cleaned with silver 
sand be heated m a Bunsen’s burner for a moment and while still w'arm, 
hdd m a stream of ozonized air, the silver is blackened, owmg, it is said, 

1 Tho so called “ ozone water ’ is largely a nu'<cture of mtrogen oxide, clilonne, 
bypoclilorous acid, and calcmm hypochlorite 

* Papers steeped m an emulsion of starch containing a small proportion of 
potassium iodide are called ozone test papers 



OZONE AND HYDROGEN PEROXIDE 


\ to the formation of silver perovide Silvei perfeotly free fiom the ovide 
Woes not slioir^tho reaction — ^H Tiiiele (1906) A twice of ovido is supposed 
to be formed when the silvci is heated in the Bunsen’s burner. TJio 
Action IS charactenstic of ozone, but it is not lery^ sensitive Ozono j 
converts dark brown coloured lead sulpludo into white coloured Icadj 
sulphate PbS + dOg == PbS 04 -f dOg This can be shoivn by holding a : 
strip of paper, which has been steeped in a solution of lead acetate and [ 
“hroivned* ny hydrogen sulphide, m a stream of ozonized ovj'gen or i 
ozc^ized air Many other sulphides — copper, antimony, zinc, cadmium — | 
behive in a similar manner Nickel and cobalt sulphides form peroxides^ 
.andWlphuric acid. 

•r-- /The action of ozone on peromdes — Ozone decomposes in the presence - 
of finely divided platmum, lead diomdc, manganese dioxide, silver and ' 
copper oxides. The ozone is converted mto ordmary oxygen nithout ■ 
decomposing the oxides Hence the reactions are grouped among catal^'tic I 
reactions The effect can bo shown by pa.ssing ozonized air tlirough a 
tube containing copper oxide and testing the issuing gas by ozone 
test paper No mdication of ozone is obtained RTicn ozone is brought 
into contact with sodium peroxide, the two substances mutually decom- 
pose and oxygen is liberated Og -f NagO, + HgO = 2NaOH + 2Qg 

The action of the silent discharge on ozone -^Thc silent discharge has 
a de ozomzmg as well as an ozonizing effect on oxygen Tlie speed of the 
ozonization is proportional to the amount of oxygen present, and the 
speed of the deozonization is proportional to the amount of ozone present 
In other words, the reaction foUoire the law of opposmg reactions If 
the discharge be passed an mfimto time, a certain definite hmiting con- 
centration of ozone will be reached when the rate of decomposition is equal 
to the rate of formation of the ozone SOg 20, Tlio greater the pres- 
sure of the gas, the greater tlie yield , and'if the density of the gns be kept 
instant, the ymld of ozone is not very different at temperatures between 
10 and 80 The presence of moisture also reduces the vield tE War 
burg, 1906) * ' 

The action of heat on ozone — Ozone decomposes slowly at ordinarv 
temperatures, and the rate of decomposition is increased by raismiz the 
temperature According to E Warburg (1902), at 16“, one nor cent of 
pure ozone per htre of oxygen decomposes m 1 7 minutes at 
0 003 mmate, at 127", m 0 0027 aZto, and aT ToW" til Zim 
position w almo^ mstantaneous, for 0 0007 second suffico for the decom- 
iwsition of of the ozone present Hence to show the formation 
of ozone at high temperatures, the velocity of cooling must be 
than the rate of d^apoaibon B a tube be attaeffi S “L 0 ,.^ 

^ the oMnizer so that a slow current of ozomzed oxygen can bo 
through the tube heated to about 300°, the issuing gas^U no rS ^ 
for ozone ivith the ozone test papers Since ozonn lo reaction 

temperatures, there must bo a reSreal in the stabihtv^bS^m 

ture of formation is reached. st^bibty, before the tempera- 

a by'^Ain talKfd'Tl™ rr 

oxygen m a tube kept at this temperatme\ soluS of ^ ^^onizing 
oxygen is obtained By aUowmg the hqmd to bmTmo^ f 
.moved In tbm mrnnrer a dee? bXdTo^faS'^l'S m 
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opaque in layers 2 mm thick Tlie liquid is said to Ihi explosive ll\ 
nllomng the blue liquid to viponre \ J^adenbnrp (18*18) obtained a gas 
containing about 8(1 per cent, of ozone 

The effusion of gases — Graham (18*12) found that the Inu of 
ditfiision, indicated on p 10>, holds good for tin 
passage of a gas through a vcia fine aiicrturc in 
a metal plate Graham called the phenomenon 
jthc effusion of gases. Tlie speed of cfTiisioii is 

( ‘therefore inaerseU as the square root of the 
8]>ccino graeitj If a gas of densit\ D, tlou'soiit 
of the tube in the time /, and another gns of 
density Dj floua out in the time t„ then, accord 
mg to the law of effusion D, D, -= t] 

R Bunsen (1867) utilized fins fact to determine 
the specific gra\it\ of n gas ulien but a small 
quantity of the gas is neailnblc. In N H. 
Schilling’s effusion apparatus (1870) the gas w 
introduced into a glass tube, luted to a brass 
co\cr, tia the cocks il, C, hig 7,1 This tube ts 
placed in a cjlindcr filled uath water and the tem 
perature is indicated bj the thermometer T 
Ro 73 — Sctulluig’s The perforated platinum pinto is fixed nt Ji 

Frtusion Apparatus jjjp taken for the water to press the gw 

from the lot cl 0 to the let cl P on the cylinder is noted Tlie experiinont 
is repeated tvith another gas of known density A Ladcnbcrg (18*13) 
used this apparatus to determine the specific gratntj of ozone 

FxAMPir — A Ladonborg (1898) found that a mixluro contniinng 80 li> per 
cent of ozono required 307 C eeconds to effoao under conditioas srliore piirt 
ovjgen reqiured 430 seconds Hence dctcrmino the speeifio gra\itv of ozone 
From the example on p 105 it follows tliot tin specific pm\ itj of the ozonized 
oxtgen IS 1 1008, oxtgen = 1 from the example on p 19 it follows that the 
speoifie grftMix of ozono is 1 450 if oxxgcn ho unitt and 40 0 If oxvgon 0* Ih' 
1J Aote thot this does not estobhsli the molecular weight h\ Axogadro’s htpo 
thesLs because in determining the proportion of ozone m the mixture, bx estimating 
tho amount of iodine liberated bx n gixon xolumc of the cas, it xxns assumed 
that tho reaction proceeds as mdicatid in a preceding equation which in turn 
assumes that the formula of ozono is Oj 

Occurrence of ozone — Some samples of fluorspar are soid to contain 
traces of ozone Ozone is supposed to occur in small quantities in tho 
atmosphere naar tho seaside wlicro it is supposed to be formed by the 
evaporation of water According to A, Houzenu, country nir contains 
about one volume of ozone per 700,(K)0 volumes of nir The maximum 
amount of ozone in tho atmosphere is sold to occur during the spring 
months, and gradually diminishes, reaching a minimum in winter Ozone 
IS absent in tho air of towns, dwelling houses, over marshes, and xvherover 
organic matter is present It has been shown that much of the alleged ozone 
may not be ozono at all This is due to the imperfection of the testa cm 
ployed (p 180) T Andrcxrs found that ‘ oxidizing matter ” in the air 
was destroyed by heating the air to 260'’ This would not bo the cose if 
the oxidizing matter was chlonnc or nitrogen oxide But xxc shall see 
very shortly that Andrews’ test does not discriminate between ozone and 
hydrogen peroxide Hence there is some uncertainty about many of 
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the reaction's -whore orono is supposed to be foimcd , and also in many 
reports of the proportion of ozone in the atmosphere * 

Theaiistinctioii,4)etwBenj92one^and^ydrogeiupefo;ctde — C Arnold 
and C Mentzol (1902) propose the use of test papers soaked m an alcohohe j 
»lution of “ t etTOi nethyl These are not affected by hydrogen ? 

reroxide, but are turned -nolct with ozone, blue, inth chlonno and I 
btonune and strau yello-w, uith iiitrie oxide C Englor and W Wild^ 
(1896) state that if a mixture of ozone and lij'drogen pero-vide be passed 
through a concentrated solution of clutonufi^Cid,. the h3’-drogen peroxide 
IS alone decomposed, the ozone is not affected Tlic same investigators | 
say 'that paper steeped in a concentrated aqueous solution of manganous* 
chloride is turned bro\ni by ozone, but not by hydrogen peroxide**” 

/Uses — Ozone is used for the pm ideation of uatcr Its function is to 
oxidize the organic matter, and stenhzc the water Ozonized air is also 
used in ventilation, for bleacliing oxidizing oil in the manufacture of 
linoleum etc Tlie mdustnnl applications have stimulated inventors, 
and accordingly a number of fairl3' elhcieiit ozonizcrs have been placed on 
the market In most of these, a high tension alternating electno disohaigo | 
IS sent across a space through w'hich the air to be ozonized passes 

§ 3 The History and Constitution of Ozone. 

1 The discovery of ozone by Schonbem (1840) —In 177.') M van 
Marum said that he noticed a pecuhar smell m the vicimt3’- of electrical 
machines in motion, but he does not appear to liave miulo any atteinnt 
to find the cause of the smell C F fechbiibem (1839-80) was the fiist 
to recognize that the smell was due to the formation of a substance to 
winch he gave the name ozone— from the Greek Ufw (ozo), I smell Accord- 
ing to .Schonbem, ozone is a distinct form of matter with an identity 
of Its own .Schonbem found that the same substance was produced 
when an eleotncal machine is working , vilien water is electrolyzed and 
when moist air is passed over oxidizing phosphorus The nature of ozone 
was the subjwt of much discussion in Schdnbem’s day .Schonbem fimt 

silwr, when expos^ to ozone, forms silver oxide, and that potassium lodule 

— KI — can bo oxidized to potassium lodate— Kio Thin «««.« 1 

question, for it appeared that ozone is either (1) a form of *1 

with oxygen (C Mangnac, A de la Bive) , or (2) 

peroxide of hydrogen (Schonbem) The hydroEen oxirloTf? ’ ^ 

given up until 1860, when T Andreis and P C Tait nro^M^l 

electnc discharge— silent or spark— bo passed Crouch ^ 

a contr^ion occurs amounting to ^ of the ongmal vohiL 

vvas s^led m a tube, shaped as indicated m fS 74 O Theox3rgon 

the silent discharge, nd the platinum wires feaS 

Andrew's and Tait’s oxpenment, the contraction m^ni ® 

oy attaching to the tubes a smaU manomotS- a aidT T 

concentrated sulphunc acid A duplicate tube O with 

was treated along with the tube containing the oxygo? i? ” 
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any changes duo to vanahons of pressure or temperature during the experi- 
mont could bo oorrected The tubes during the experiment, were plac^ in 
a water tank, ns indicated in Fig 76, to keep the temperature uniform 
Wlien ozonized oxygen is heated to 270“, and allowed to cool, the ongina? 
volume of oxygen is obtained and when a thm glass bulb, c, Fig 74, JR, 
of potassium iodide is sealed m the tube along with the oxygen, and after 
ozomzation, broken by shaking the bulb against a piece of glass tubing d, 
iodine IS hborated without any perceptible change m volume If the gas 
which has been treated with potassium iodide be heated to 270“ as 
before, no change in volume can be detected Hence Andrews and Tait 



I concluded that ozone is a con 
|densed form of oxygen This, 
however, tells us nothmg about the 
weight of osygea m a given 
volume of ozone, » e. the number 
of atoms m the molecule of ozone 
The absence of hydrogen in 
ozone was inferred by Soret (1863) 
from an experiment in which 
ozone was thoroughly dried, 
and then decompose by heat. 



Fio 74— Andrews Fio 76— Andrews ^o trace of any compound 

and Tait’s Ozone and Tait’s Ex- of hydrogen — eff water — could 

Tubes penment I>e detected m the products of 

decomposition Hence it is inferred that ozone is not a compound 
of hydrogen with oxygen , ozone contains nothmg but oxygen A 
similar experiment was made by Sohonbem m 1849, but its importance 
does not appear to have been appreciated. 

3 Ozone is a form of oxygen m which three volumes of oxygen 
are condensed to two volumes — Since the volume of ozonized 


oig'gen undergoes no change when mixed with a solution of potassium 
iodide, it IS inferred that the oxidation of potassium iodide can only be 
effected by so much osygen m ozone as has been condensed with ordmary 
oxygen to form ozone This excess of oig^gen is absorbed by the solution 
of potassium iodide, and the ordmaiy oxygen vhich remains has the same 
volume as the ozone present before the action of the potassium iodide 
Hence no new contraction occurs with potassium iodide In symbols, 
the formula for ozone is Oa+n Andrews and Tait did not determme the 


numerical value of n The formula for ozone might bo Oj, Oj 
The special difficulty involved in this determmation anses from the fact 
that ozone cannot be obtained free from osygen , and, accordmgly, the 
regular methods of determining the molecular weights — vapour density, 
otc — cannot be apphed. W Odhng (1861) proposed to take the simplest 
possible formula O 3 , thus assuming that three volumes of oxygen are 
condensed to form two volumes of ozone Interpretmg this unproved 
assumption m the light of Avogadro’s hypothesis, p 67, wo have 



3 Volumes osygen give 2 Volumes ozono. 
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•^^To fnduchon Coif 


Manometer 


Soret (1866) took advantage of the fact, kno^vn to Schonbcin, that 
Inessential oils absorb ozone ■without dcoomixisition Hence, if ozonized 
\pxygcn be shaken mtli, say, omnamon oil, the ozone will bo removed from 
the mi'^turc On treating one portion of a sample of ozonized 0 '<ygen 
T^ith cinnamon oil, Soret found that a contraction corresponding \nth 
about 2 c c was obtained. On heating another portion of the same sample 
so as to convert the ozone into ordinary oxj'gen, Soret found an expansion 
corresponding with 1 c c Hence it was mfcircd that threfe volumes 
oxygen produce two volumes 
of ozone Sorct’s work was 
rather crude, but B Brodie 
(1872) repeated the e\penmcnt^ 
with cmnamon oil, turpentmej 
stannous chlondc, in such awajl 
that the above conolusion was 
the only possible interpretation 
of the evpenmente 

Monj neat ways of illustrating 
the voluino relations of owgen 
and ozone lia\ o been do\ isod G S 
Nowth’a apparatus (ISOG), slightly 
modified, consists of two coneentnc 
tubes, Fig 76. Tho inner tube has 
a hollow stopper ground to fit tho 
outer tube It contains dilute sul- 
phuric acid Tho inner tube has two 
littlo projections A, and the outer 
lube has three projections, B, in 
such a position that a scaled thin 
glass tube containing cmnamon oil 
con bo broken, when desired, by 

txnstmg tho stopper or tho inner a 

tube The outer tubo is fitted uith ivewth s Apparatus (modified). 

f '^th a manometer charged with concentrated snlpliuno 

acid Tho apparatus is placed in a cyhndor contaimng, say, ico and wntor^ Tho 
oMuIor space between tho two tubes is filled with oxygon, via tho cocks P anrl rf 
The manometer is then put in communication with tho nnnXr snnco bctwil 
the two tubes aVoIo tho lotel of liquid m tho manometer aSoS S 

an induction coil, so as to ozonize tho oxjgon suCGcionth to give sat a onn 
contimotro contraction on tho mnnomotor Note tho contracTion uivo the 
stopper a twist so os to break tho gloss tubo contnmmc tho cinnnmn« *i 
c=ntt«ot.c„ ..toh occur, udl be trSco tho 

more > Tho same apparatus con bo employed for showinv that ^ 

occurs when ozone j^^reated with potiSsmnT iodide brusmf a ^ 0 
this substance In plnco of cinnamon oil ^ ® lube C with 

7Jio formula for ozone — Og'^-obfcaincd bv manv mndifinnfmno 
^nment the apphcation of Graham’s diffnao"^ 

A P 188 Ozone IS 1 6 fames as heavy as an equal volume of oxveen 

4 The graphic formula for ozone.--Ozono is generaUy sySbohzcd 

graphically But owing to the pecuhar oxidizmg quahties of the 

odd o^gen atom in the molecule some consider thif +!,« 

atoms are not symmetneaUy placed m the molecule! whems mt^^E 




MODERN INORGANIC CHEMISTRY 


V)2 


formula llioy apparently all have equal \ *vlue. Ozone is often coubidercd 
to bo a compound of one quadrivalent ovygon atom wtli two bivalent 
'^Dxjgcn atoms, and the formula is accordingly imtten 0=0=0 , or, if 
two quadnvalent osygen atoms are umt^ with one bnalcnt o:^gcn 

atom A » hence, the graphic formula for ozone is still subiudxce 
OhO 


I Belief in the existence of quadni alent oxj gen atoms is mamlv based on o^idonco 
deduced from orgamc chemistry For instance, hydrogen clilonde sulphur 
dioxide moth\I u^de, etc .can be mode to combme dirccti} with mcth\l ether 
(CHj).0 to form a senes of compounds 


CH 

CH 


;>o 


ci’>o<a 


gg»>o=so. 




and also a senes of oxomom salts Tliese compounds arc not discussed ui in- 
organic chemistrv Evidence m fa\our of a sexiinlent owgen atom has been 
brought forward, the so-called ozomc acid H-O^, of A. Boch (1902), and other 
orgamc compounds might be cited m illustration Hence oxygon, though usuallv 
bivalent, may be qua£i\ alent and probably also sexi\ alent 


§ 4 Hydrogen Peroxide or Hydrogen Dioxide — ^Formation and 

Preparation 

Molecular weight, H;0; = 34 02 Meltmgpomt —2“ boding point, 84'’-S'i' 
at bS mm pressure , and at 26 mm pressure, 6S'’-69'* Specific gravity, 1 4006 
_ •• 

Hydrogen peroxide is formed when oxygen is bubbled ibout tho 
electrode from which hydrogen is being evolved dunng the electrolysis of 
dilute acid, p 20 Water confined m a quartz vessel is decompo^ by 
exposure to ultraviolet hght rays — tmm a mercury lamp sunhght, etc — 
ind hydrogen peroxide and hydrogen are formed 2^0 = + Hy 

Hydrogen peroxide is produced dunng the combustion of hy^gen in 
air For instance, when a jet of bunung hydrogen impmges on the 
surface of cold tvater m which ice is floating, or on ice itself, hydrogen 
peroxide can be detected m the water ^'Hydrogen peroxide is formed 
when moist ether is exposed to snnhght , and when ozonized oxygen or 
air is passed through water on the s^ace of which a httle ether floats. 
If a httle water is placed m a beaker contaimng ether, and the latter is 
burnt by placmg a spiral of hot platmum wire just over the surface of the 
hqmd (p 1841, hydrogen peroxide can be detected m the water after all 
the ether has burnt away It is supposed that the ozone first produced 
forms a peroxide with the ether and Aat this is decomposed by the water 
reformmg ether and hydrogen peroxide.^ 

Like ozone, hydrogen peroxide can be formed at a high temperature 
by passing a current of moist oxygen through a tube at about 2000° 
and rapidly chilhng the issomg gases In H St C Deville’s “ hot and 
cold tube ” meth^ of conductmg the experiment, a narrow silver or 
platmum tube is kept cool by a current of cold water This tube is placed 
m.the centre of a porcelam tube. Fig 77 A current of gas is passed 
along the annular space between the two tubes This arrangement is 
placed m a furnace so that the gas can be heated to a very high tem- 
perature. The products of decomposition are suddenly chilled by tho 

* The ether is thus regarded os a catalvtic agent, and tho reaction is supposed 
to proceed by a set of consecati\o reactions, p 135 
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cold tube and pa’di-^Uy prevented from recombinuxg as they arc carried 
cut of the hf't zone- The products of many high temperature rcactioiiis 
can thus t>e examined at ordmary tcmpcraturcs- 

Hydrogen pcroxrdc is often formed when a «nbstan(» is oxidized in 
the presence of moisture. For instance wh'*n zinc copper, or lead is 
shaken up vrtth air and dilate sulphnnc acid {l:o5}, the reaction <yin- 
hohzsd : Zn - 2H;0 -r O- = 7m[OK). - H^O- ; and Zn(OH)., -f 
= ZnSO^ — 2H;0 CKCurs. It will be observ^ that twice as much oxygen 
IS reqoir^ for the oxidat-on process as is actually consumed in oxidizing 
the zinc - Zn — O, = ZnO — 0 ; H^O — O = ^0, One half of the 
oxygen IS said to be used m the pnmary process and the other half m 
the ‘«»ndaty reactions. The reaction belongs to the type of concurrc’it 
or side reactions discussed on p- 137, but smee half a molecule of oxygon 
IS tisfd m each, the two concurrent reactions are not independent of one 
another. This particular type of reaction is known as aulx}::LOiXKiation, 
There is a cmnsiderable difference of opinion as to the mechanism of 
auto-oxidation. The oxygen used m the secondary reaction — fomi.atuin 
of hydrogen peroxide — is said to be ‘ rendered acti\ e ’ by the pnmary 
reaction The for- 
mation of ozone 
during the oxida- 
tion of phosphorus 
(p 1S4) is another 
example 

By treating a 
cold aqueous solu- 
' 1 ion of sodium per- 
oxide with dilute Dcaille’s * Hot and Cold Tube.” 

and cold hydrochloric acid, a solution of htdrogen peroxide in s.xliuiii 
chlonde is obtained Xa-D,. - 2H(a = 2XaCI H^O,, and h\ treating 
ijiotai smxTn Jiero x i de , . with ta rtanc .acidL.in the cold, an aqueous solution 
I of hydrogen peroxide contaminated with a little potassium tartrate is 
'obtained- Most of the poti^sram tartrate separates from the cold 
solution 

Banum peroxide (p 132) is the usual startmg point for the pro-, 
paration of hydrogen peroxide Gradually add barium peroxide to ice-* 
cold water through which a stream of carbon dioxide is passing Tbe^ 
insoluble banum carbonate is precipitated, and a dilute aqueous solution* 
of hydrogen peroxide remains - BaOn -r CO^ — H.,0 = BaCO, H„0 

Jf used, the yaeld of' hydrogen peroxide b 

lo- and an insoluble barium percarbonate. BaCO, B^ipifatrf 

banum with a httle ice cold water is graduallv added to 

ire^ld dilute hy drochlonc, sulphnnc, ^^Ihco-fluonc, or phosphonc wid ' 
A banum Mlt chlonde, sulphate, sihcofluondc or phosphate — ^and hvdro 

banum chlonde is sofub™' 




t‘?ir discovered hydrogen p;irolddrm* 

1 process is more commonl/usX S fi," I 

insoluble banum sulphate is precipitated- ^ 
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The preparation olnlmost pure hydrogen peroside — -Bamin pcro'ade, 
suspended m a httle water, is g^uall 3 added to a nuxturo of equal volumes 
of ■nafor and sulphuno acid (cooled fay a freezing mixture of ice and salt) 
until tlic solution is just barely acid. If too much barium peroxide has 
been added, a Uttlc more sulphuno acid is needed Keep the solution m a 
freezmg mixture for about a day Filter off the insoluble matter, and 
c\ aporate the liquid on a water-bath, at about 70'“, m a smooth platmum 
or porcelam basin until signs of effervescence appear This will oooiir 
when the solution contains about 46 per cent of hj'drogen peroxide 
Cool the solution qiucklj Concentrated solutions soon decompose if they 
arc not kept cold 

A solution of hjdrogcn peroxide decomposes rapidly when heated to 
100^ — even if the solution be dilute R Wolffenstem (1902) discovered 
that the hydrogen jicroxide can bo distilled under reduced pressure without 
undue decomposition, p 168 





^ rio 78 —Distillation of Hidrogen Peroxide under Reduced Pressure 


7o dwtil the solution under reduced preosure, fit up the apparatus indicated 
j Transfer the solution to a round bottomed thick walled litre flask 
fitted nith ti rcceiier R and n thermometer T, bj means of one hole rubber 
stoppers The reroiver R is placed over a funnel so that cold water can be sprai ed 
on the receh or, and run off to tho smk through rubber tubmg attached to the stem 
of the funnel The side neck of the recen er is connected, bv pressure tubmir wit li 
n manometer , wluch m turn is connected with a 3 wav stop«>ek B, a water trao 

0 mid a filter p^p D The flask .4 is heated b\ an oil F, and Bunsen^ 
burner BTien the manometer shows a pressure of about 16 mm and the thermo- 
meter a temperoture lietween 35“ and 40'*, a dilute aqueous solution of hjdroRcn 

‘"‘o the receiicr The temperature nsvs cradMllwS 
about lO when a \er\ coneentroted solution of hydrogen pcroxid^niaiiis m 
the distilling flask A Further concentration is best offered b\ plncmc a beaker 
rontaimng Rome oi tbc hydrogen peroxide solution m a murturo of sohd carbon 
diowdo and other Tlie whole moss ^zes Drop a httle of the frozen sohd 

bjdrogon peroxide solution At between 

1 S t iifcdle shaped ervstals separate Dram awav the mother 

• welt the ervstals and cool the moss, so^ that another 
crop of crystals IS obtamed Repent the operations 


OZONE AND HYDEOGEN PEROXIDE 


195 


In tins ^^ay, it is jMSsiblc to prepaie 100 pei cent hydrogen peroxide 
Tlie solution lemaining in the ^stilling flask Mill serve for most experi- 
ments Mhero concentrated solutions of hydiogen jieroxidc are requiml 
Tins solution can also be further concentrated by evaporation over con- 
centrated sulphuric acid tii vacuo Tins opera- 
tion Ls conducted as follo^v8 Tlio disli contain- 
ing the mixture rests on the perforated shelf 
of a desiccator, Eig 79 Tlie desiccator has a 
layer of concentrated sulphuric acid beloiv the 
perforated shelf The hd of the desiccator, well 
greased, is placed m position TIio desiccator 
13 then oxliaustcd b 3 ' conncctmg the stoppered 
tube Math the air pump Any wter vapour 
given off by the solution in the dish is gradually 
absoibcd by the concentrated acid under Itoduccd J’rcssuro 

Concentrated hydrogen peroxide begins to attack the glass distillingf 
flask at about 80° Wolfcnstein, by changing the receiver, obtained aP 
solution of 90 per cent hydrogen peroxide at 81°-85° at 08 mm pressure ,f 
and bj repeatedly i-cdistilhng the product he got a liquid containing 99? 
]>er cent of hydrogen peroxide and boihng at 84°-85° C at 08 mmt 
pressure 



§ 5 Hydrogen Peroxide — Occurrence and Properties. 

Occurrence -—There is a similar uncertainty about the alleged occui- 
rence of hydrogen peroxide m ram, snou, dew, and air as was indicated 
in deahng with the ooourrence of ozone in air Much of the pubhshed work 
does not clearly discriminate hydrogen peroxide from other oxidizing sub- 
stances 

4^ Properties —Pure hydrogen peroxide is a viscid liquid , colourless 
when viewed in thm layers, but inth a bluish tinge when viencd in thick 
layers The liquid has no smell Dilute aqueous solutions have a peculiar 
bitter metallic taste RTien a drop of liquid peroxide comes in contact 
mth the skin, it forms a white bhstor If concentrated sulphuno acid bo 
imxcd mth hydrogen peroxide at a low enough temperature to pievcnt 
hating, osygen noli m ozone is evolved The liquid decomposes rapidly 
when heated at ordinary atmospheiio pressures, but under reduced prc&suro 
(p lo8) It can be readily distilled It bods between 68° and 69° undci 
a pri^re of about 26 mm . and at 84°-86° under a pressure of 68 mm 
The hquid cystalhzes in needlc-like pnsms at -2° The liquid is soluble 
m water in all proportions 

Pure hydrogen peroxide is fairly stable Dilute aqueous snliif,n»c 
keep fairly well-particularly if acid-a 3 per cent solution suffered io 
ay ciablo change when kept a year Alkaline solutions do not keep veiv 
well Impunties like sihca, iron, manganese, and aluimna lead te a 
rapid decomposition If alcohol or other be present the f ° 

are more stable The strength of aqueousSonfi^ 
morcially by the number of volume^ of oxygens e ^ 
solution will furnish on decomposition Thus 100 c c of a “ in ^^i 
so ution » wiU give 10 volumes of oxygen when decomnLod A 
solution of hydrogen peroxide is very nearly a ‘‘ iLoIume^ohitmn " - 
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a 0 por Pont liy^lrogon poroTide solution is noarh of “ 20 \ oliinio ” nf ronptb 
and so on TIio moot o^ncontmtotl solution on flio iiiarkot is iwllrxl 
“ pprliydi-ol,” and it contains nliouti 00 jior ront of li^drogon poroMdo 
corisisponding vith a “ 100 aoluinc” stronptli 

Decomposition by contact action — Rnro ll^ drogen poroxidp m 
decomposed \cn rapidly if anj dust bo present A littlo platinum black 
dropped into the solution causes an explosion f'lmilar remarks nppl> to 
finely dnidcd gold, silver, and siiiiilnr metals as mil as to jioirdcred 
manganese dioxide The action appears to la cataRtic since the man' 
ganese dioxide, etc , remaiii at the end of the action unchang(*d in com 
position Clmrcoal or magnesium mixed mth a tnice of manganese 
dioxide Ignites immediately Finely powdtrtxl iron or had itimiiui 
quiescent, but if a trace of manganese dioxide bn present, the iron bums. 
A few drops of liquid hydrogen peroxide on a piece of cotton wool mil 
make the cotton inflame binular results are obtained vnth aqueous 
solutions of li\ drogen peroxide but the action is much less vigorous. 
Rough surfaces have a disturbing elTect on the stability of hv drogen 
peroxide — a concentrated solution is decomposed vihon poured on to a 
ground glass surface 

Oxidizing properties — ^Hv drogen |ieroxido resembles orono in its 
• strong oxidizing qualities It liberates iodine from sohitions of pofa.ssiuni 
iodide (see p 180) The reaction is accclcratetl by acetic and mineral 
iocids, and particiilarlv by Icrrous sulphate. According to Sclionbein 
one part of hydrogen jicroxulo in the prestnee of 25,000,000 parts of 
|wnter can be detectcrl bv a mixture of potassium iwlide and ferrous 
mflphate It converts lead sulphide into had Kiilplintc as was also the 
Wse vnfli ozone Hence the use of liy drogen peroxide for chaniiig oil 
paintings vvhioh have been darkened by the action of hv drogen sulpinde 
' — sometimes present in the air of towms — ^upon the haul compounds m 
the ]iamt Tlio brovvTiiali black coloured Jeiul sulpinde is truiisfnnncr] 
nito white coloured load sulphate. Hydrogen peroxide hknehes litmus 
iiiid indigo solutions, but it docs not affect mcrciiiy and s|]\er like 
ozone 

Dilute solutions of hydrogen peroxide arc accordinglv used for 
bleaching silk, feathers, straw, hair, ivory, Icclh, eta, where more 
violent bleaching agents would injure the matcnal Instead of liy drogen 
peroxide an acidified solution of soduim jieroxide is sometimes cm- 
iploycd. Tlie actions arc similar bmcc the products of the decoinposi 
tion of hydrogen peroxide — ^watec and oxygen — are harmless, it is also 
used medicinally os an antiseptic Hydrogen peroxide is also iisial 
in analytical work for the oxidation of sulphites to sulphates , arsciiitas to 
'arsenates , chromic salts to chromates , ferrous to fomo salts , nitntes 
Ijto nitrates, etc 

Peroxi^zing properties — ^Hydrogen peroxido forms peroxides of tho 
alkalies and alkahno cartlis when treated with tho corresponding by droxidcs. 
For instance, with barium hydroxide BafOH), + HoO, = BaOj + SHjO 
W Spring (1895) pointed out that hydrogen peroxide behaves in those 
reactions like an ooid (p 139) In confirmation, if potassium or sodium 
aarbonate be added to hydrogen peroxide tho oorrcsponding alkaline 
Iperoxido is formed arid carbon dioxide is evolved + NaDOa = 

fNojOj + COg + HgO , on tho contraiy, if tho hydrogen peroxide be added 
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to Iho solution of the caibonatt, o\igcn is 

4- 0, The sodium carbonate acts as a ciwa t, 

“ mlttaSTm sdH Ijdrogcn pomade g.y« .n 

Imn Hunno^d to bo due to the formation of jicrtitanic acid liU„ , 

wo -^h"o + TiO-, The particular tint depends upon the amount 

Sum Si u.„<,rtlu>n=»=t.ou 'TT 

of the 'amount of titanium in various materials The tn^ oi u 

solution containing an unknoM-n amount of ", 

that of a similar solution containing a knoum qiiantity of titanium , n k 

Sie amount m the unknouni solution determined by 

The mactioa-Js also used as a lest for hydrogen pcrovidc It is ««« 

tliat^partof titanium m 1800 parts of vater giics a 

coloration, and one part m 180,000 a light jcUou coloration. Urmn 

and vanadium salts give bnek-red coloration, and uranium a bluisl 

coloration, but these reactions are not so sensitive as mth lilaniuu 


With cbroraic acid, fTnCrOt hydrogen poroMde forms a blue sohitiot 
uhich liegins to decompose iminediatcli Some consider the oxide lormct 
to be a compound of pcrchronuc acid HCrO^, mtli hvdrogcn pcroxidt. 
say, HCrOs (q v ) This is pure hyjiothcsis , no such compound has bcci 
isolated Tlie blue coloured peroxide, uliaterer it be, is much mot 
•^luble in ether than m uatcr, so that if a mixture of cliromic acid am 
bidrogen peroxide m a test-tube he bhaken mth other, a blue cthcrcn 
solution of the peroxide inll float on the surface of Uic aqueous layer. Tin 
compound decomposes uhen the ether is cioporated Tins reaction i 
used for the detection of chromates “ Add dilute sulphuric acid to tli 
chromate solution, and shake up mth other and liydrogen pc^>\^dc 'Dr 
boparation of a blue ethereal laj et jndicates chromic acid ” The ncce>-sar 
modification of the process for the detection of hydrogen peroxide nil 
be obnous It is said that tins method mil indicate one jiart of li} dro 
gen peroxide m 80,000 parts of uater 

> Reduang properties — ^Hydrogen peroxide appears to act as a rcducnij 
as ucll as an oxidizing agent With ozone it forms oxygon and uatci 
Oj + HjOj — HoO + 2O2, with silver oxide, mctalhc silver and oxjgcii 
AgjO =’ 2Ag -{- H2® -f O2 Tlie lead dioxide obtained whci 
rc^ lead is digested inth dilute Uitric acid dissolves iciy sloulj, but if 1 
foiv drops of hydrogen peroxide be added, all the lead dioxide dissoh c 
in a few moments The lead dioxide 15 reduced to lead monoxide by tin 
hydrogen peroxide, and the product dissolves immediately in the dilut 
acid Hiis method is generally employed to hasten the solution of rc< 
lead m dilute acid prior to analysis Hjdrogen peroxide m alkalnn 
solutions oxidizes manganese oxide, hInO, to manganese dioxide, hInO, 
but m acid solutions it reduces manganese dioxide to manganous oxide 
hlhOn + HoSO^ + H3O3 = hlnSO^ -f- SHgO -f- Oj The reducing uciioi 
of the hydrogen peroxide is only apparent According to B Brodn 
(1872) the oxides of silver, manganese, etc, have an atom of oxygci 
which IS readily disengaged from its combination fa’inularly, hjdrogei 
jicroxidc readily jiarts uith it* odd atom of oxygon Consequently, tin 
atom of oxygen in hydrogen peroxide is supposed to oxidtze the odi 
uxj'gcn atom m the metallic peroxide 
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A solution of potassium permanganate — ^KMnO^ — acidified -with 
sulphuric acid is rapidly reduced by hydrogen peroxido 4- 

2KMn04 + SHaSO* = KaSO* + 2MnS04 + 8HaO + SOj. Consequently, 
if an aqueous solution, contaimng a known amount of potassium perman- 
ganate, be run from a burette mto a known volume of hydrogen peroMdo 
until ^0 pink colour of the permanganate is no longer discharged, it 
'follows, from the equation, that every two molecules of KMh04 correspond 
|.ivith five molecules of , or 2 x 168 02 (the molecular weight of 
^KMhO^) grams of potassium permanganate correspond with 6 X 34 02 
j;(the molecular weight of HaOj) gram of hydrogen peromde , othennso 
^expressed, 1 gram of potassium permanganate represents 0 5382 gram of 
, hydrogen peroxide 

Exauflg — 46 c 0 of a standard solution of potassium permanganate eon 
taming 20 grains of KAInO^ per litre were decolorized by 26 c o of a solution of 
h\drogon peroxide Mliat amount of HjOj is present m a btre of the hydrogen 
peroxide f Here 1000 o o of the standani solution contain 20 grams of ^InOf , 
hence, 1 c c contains 0 02 gram , or 46 c o contam 0 0 gram But from the 
equation, 1 gram of Kl^InO^ represents 0 6382 gram of , hence, 26 o c, of 
hydrogen peroxide has 0 6382 X 0 9 = 0 4844 gram of H-O- Hence a litre Will 
have 10 4 grams of H-Oj 


Qualitative tests for the detection of hydrogen peroxide — 
(Special attention may be called to the titamum sulphate test, the chroimc 
jacid test, the potassium iodide test , and the methods for distmguishmg 
(ozone from hydrogen peroxide 


§ 6 Hydrogen Peroxide— Composition and Constitution 

1 Empirical formula — J Thdnard (1818) mtroduced a weighed 
amount of the peroxide m a small vial mto a graduated cylmder over 
mercury The vial was broken and its contents decompose either by 
mtroduomg manganese dioxide, or by heat. 17 parts of hydrogen per- 
oxide by weight gave nearly 8 parts by weight of o:i7gen, and 17 — 8 = 9 
parts by weight of water Otherwise expressed, 34 parts of hydrogen 
peroxide give 18 parts of water and 16 jiarts of oxygen Hence the 
peroxide eontains hydrogen and oxygen m the proportion of 2 atoms 
of hydrogen 2 atoms of oxygen ^e simplest formula for hydrogen 
peroxide is therefore HO There is here nothing to show whether HO or 
some multiple of HO, say HnO-., is the proper formula for the compound, 
smee the latter has the same percentage composition os the former 

2 Molecular formula. — ^The instabihty of hydrogen peroxide prevents 
a determmation of its vapour density being made m the regular manner 
The molecular weight can be detemuned by the “ freezmg pomt method ” 
uluch ivill be described later The result is nearly 34. This agrees 
•with the formula HjOj — ^the generally accepted value 

3 Constitutional or graphic formula — ^The formation of hydrogen 
peroxide by the action of oxygon on hydrogen, as the latter is hberated 
dunng the electrolysis of water, miglit load to the supposition that its 
formula is HO— OH (or HO=OH} Hence, by analogy, it might bo 
supposed that the pero'ades arc similarly constituted NaO— ONa, etc. 
There is no odequa'to reason for assigning 'to hydrogen peroxide a con- 
stitution other than HO— OH, although Each advocates ^>0=0 
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D I MendeMelT subdivides the peroxides into tuo classes depending 
upon tlie valency of the eleinent united to the oxygen atoms — 

I Superoxides — ^Tliose peroxides in irliich the oxygen atom or atoms, 
over and above those required to foim the basic oxide, are singly 
linked to the metal and to the othei oxygen atoms, so os to form 
a cham The valency of the metal is the same m the jieroxide ns in 


the basic oxide E g 



H-0 

1 

Na-0 

K-0-0 

]),/9 

H-0 

1 

Na-0 

1 

K-0-0 


Hydrogen 

Sodium 

Potassium 

Banuin 

peroxide 

peroxido 

tetroxide 

peroxide 

*1116 supcroxides are often called peroxidates, being regarded ns 


“salts” of hydrogen peroxide (p 196) 

2 Polyoxides — ^Tliose peroxides in uhicli the oxygen atom or atoms, 
over and above those required to form the basic oxide, arc doulily 
linked to the metal so that the valency of the metal in the peroxide 
IS greater than the valency of the metal m the basic oxide. Eg: 


Mn< 


0 


Ozono Lead peroxide Manganese peroxide 

These oxides possess feeble basic or feeble acidic properties— 
possibly both 

Tlic Buperoxides uhich jneld hydrogen peroxide ivhcn treated uilhl 
water or a ddutc acid are probably constituted like hydrogen peroxide I 
Thus sodium peroxide vnth hydrochloric acid gives hydrogen peroxide , ’> 
and potassium tetroxide, which gives oxj'gen and hydrogen ))oi‘oxide, is’ 
probably constituted on the same plan The polyo xidcs are not usually 
attaokEd_by_dilutfi_acids_ Both types with concentrated sulpliunc acid* 
evolve oxygen The mechanism of the reaction is probably diffeicnt m 
the two cases With the superoxides, hydrogen peroxide is probably' 
formed as an intermediate product BaOj + HjSO, = BaSO. -i- H 0 •’ 
foll^ed by 2 H 2 O 2 = 2 H 2 O + On With manganese peroxide 2Mn6 
2 H^S 04 == 2AfaSO^ + 21^0 + O 2 Similarly with hydrochloric acid.‘ 
both pve chlorine, but with the supcroxides, hydrogen peroxido 

forming clilorino ; 

2 H01 + HgOo — 2 H 2 O + CI 2 , -with the polyoxides, on the other hand, 
an intcrmechate perchloride can often be detected — \nth manennesQ 
dioxide, probably MhClj , and vuth lead peroxide, PbCI^ is forined ^ 


§ 7 Thermochemistry 

It was convenient, in a precedmg paragraph, to resolve matter a., 
we know it, mto two abstractions — ^matter and energy Neither o'^sta 

Tiurt Attempts have beon^nado to show thot two of tlio best known <« j « 

Pb02 and MnO>, are differently constituted because lonil rlin'r,/i/> 

sulphi^ua acid, H.SO3, furnishes lead Bulpbato, PbSO. while inrinlr” 

furnishes nmnganons dithionftto, MnS.O, ^It is more prSblo^l.n? » u®® 

botli ca^ fe similar, manganese dioxide formuiE^hrnormnl m,lni?f 

and lead dioxide the basic sulphite PbO SO, ®Botli salts ^^*^(803). , 

r^^ai^gement. the former producing a ditLon^ md tt 
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alone We have no acquaintance with the one apart from the other 
Isolated, matter and energy are pure abstractions Each one completes 
and presupposes the other The element phosphorus, for mstance, must 
be regarded as a form of matter whioh is always associated with a certain 
amount of available energj, because it is able to do chemical work, and 
we cannot conceive of energy coming from nothing We cannot answer 
How much energy is associated with the phosphorus ? The actual 
amount available possibly depends upon the nature of the substance with 
which it IS brought m contact Similarly with oxjgen IVhen these two 
elements — osygen and phosphorus — are brought m contact, under the 
nght conditions for the degradation of encigy, chemical action sets in, 
and the chemical energy is degraded or transformed into he<\^ or hght 
The resultmg compound — ^phosphorus pentomde — still contains some 
chemical energy, for if it be mised with water, a great amount of heat is 
developed, cheimcal cneigy is degraded, and phosphoric acid results. 
The phosphoric acid still contams chemical energy because more energy is 
degraded m the form of heat when the pho^honc acid is brought mto 
contact with sodium hydrovide Every chemical reaction mvolves a 
tchange both m the form of the matter and m the form of the 
'energy of the system What is generally understood by “ descriptive ” 
or “ matenal ” chemistry deals with the former, not with the latter 
Chemistry proper is essentially concerned with both eneigy and matter 
(/ Law of Lavoisier and Laplace — ^The free or available chemical 
eneigy of different substances is usually degraded m the form of heat 
during chemical action The system gets hotter because heat is 
eiolved by the reactmg substances — such reactions are said to be 
exothermal reaciiono m contrast with endothermal reactions which absorb 
heat and thus cause the system to become cooler {That branch of 
chemistry which deals with the relation between thermal and cheimcal 
encigy is called thermochemistry^ Experiment shows that eveiy 
compound has a de&ute heat of formation, which is numerically 
equal to the heat required for the decomposition of the compound back 
into its elements, but of opposite sign If it were not so, heat would bo 
gamed or lost when a compound is formed and then decomposed bock 
into its ongmal constitaents. Such a result is at variance ivith the 
pnnciple of the persistence or conservation of energy The fact that 
.every compound has a definite heat of formation which is numerically 
{equivalent to its heat of decomposition but of opposite sign, is 
sometimes called the law of Lavoisier and Laplace, because A. L. 
Iiavoisier and P S de Laplace first jiointed out this generahzation between 
1780-84. 

The symbols used m thermochemistry — ^It will be remembered that m 
physics, the umt of heat is the calorie, and a calone represents the amount 
of heat reqmred to raise the temperature of one gram of water through 
1® C Consequent^, 100 cals will raise the temperature of 100 grams 
of water 1®, or of 1 gram of water 100° In chemistry, it is convement to 
represent the thermal value of a reaction by reference to the formula weights 
of the substances concerned m the reaction Thus the heat of formation 
of phosphorus pentoxide is 370,000 cals This means that 370,000 cals 
ore generated when 142 grams of phosphorus pentoxide are formed bj' 
bunung 62 grains of phosphorus m oxygen ^ To avoid deahng ivith laige 
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numbers it ivill be more convenient of vateTr C 

of heat required to raise the , „ A calono” and it iR 

This IS the so called “ f ” refeM^grain-calono. 

here UTitten mth a capital C Thus tlmencrcy deg^ded in the 
“ Cal ” refera to the kilogram caloiie Jicnee tiie ° p i 

form of hJIt ivhen phosphorus burns in ovygen « eq«>valent to 3i0 Cals. 

This IS represented in sjonbols 

2P + 50 = PoOe + 370 Cals 

If the states of aggregation of the initial and final pioducts of tbe reaction 
L nofteSevidS the state.s of aggregation must be ^P^^onted m tlm 
equation, otherwise latent heats of fusion or vaporization may lead to 
ambigmty ^ Thus 

2H + 0 = HoOgns + 59 4 Cals 

means that the nmon of 2 gtama of hydrogen with 10 f 3"^ 

attended by the evolution of 59 4 big caloncs when the uater produced 
IS in the form of steam , if the steam is condensed to a liquid, 

2H -1-0= HaOliq -1- 68 4 Cals 

Tlie extra 9 0 Cals represents the heat given out uhen 18 grams of steam 
are condensed to a liquid Again, if the reacting substances are in aqueous 
solution, a certain amount of heat ma5', or may not, bo dissipated in the 
act of solution For example, 13 7 Cals arc evolved -when a dilute solution 
of sodium hydroxide is mixed with a dilute solution of hydrochloric acid 
The dilute solution is represented by a suffix “ aq ” Tims, 

NaOHaq ■}■ HClaq — NaClaq *1- HjO 4* 13*1 Cols 
If the sodium ohlonde wore prepared by passing hydrogen chloride gas into 
a dilute solution of sodium hydroxide, more heat is evolved, because 
17 4 Cals are evolved uhen 36 4 grams of hydrogen chloride are dissohcd 
in water 

NaOHaq 4" HClgas = NaClnq 4" H2O 4" 31 1 Cals 
Some disturbing effects — ^Again, the chemical and phj sical condition 
of the reactmg substances must bo token into consideration The heats 
of combination of hydrogen in o-^gen and in ozone uould not be the same 
because of the reaction 2O3 = SOj 4- 08 2 Cals Allouanco uould haao 
to be made for this extra energy associated with ozone 

It IS necessary to distinguish clearly bctivecn the observed heat changes 
and the real heat changes due to the degradation of chemical energy as heat 
The observed thermal value of a reaction may bo greater or less than 
that which corresponds wath the chemical energy actually degraded dunng 
a given chcimcal reaction For example, suppose that we stait wth a 
nuxture of two volumes of hj'drogcn and one volume of oxygen, and finish 
with hqmd water, there is a tremendous contraction in volume Tins 
contraction occurs under atmospheric pressure (76 cm mercury) Hence 
the atmosphere docs work on the system, and that work appears ns heat 
which raises the temperature of the system, and makes the observed heat 
of combmation appear greater than it really is Tlie work can easily bo 
calculated,- and it is equivalent to 0 9 Cal Hence 

1 Some represent gases bj moans of italics, solids by clarendon tjpe, and 
liquids by onlinary typo 

- One gram molecule of steam occupies 22 3 litres The gases from w liieli 
the steam was formed occupied 1 ) times this volume, 1 e 33 46 litres A column of 
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Apparent energy degraded in renetion 00 3 OnTs 

Energy due to oontmotion ^ 0 8 Cal 

Energy aotually due to reootion 08 S Cole 

Heat may also appear to be generated during a oliemioal reaction 
wluoh IS partly due to differences in the specific heats of the initial and 
final products of the reaction If the latter be less than the former, 
some of the heat generated will be due to this fact, and not to the 
degradation of ohemioal eneigy 


§ 8 The Principle of Maximiim Work 

The heat developed during a reackon represents a certain amount' of 
potential energy which was associated with the atoms in someway, wo aie 
therefore much tempted to generalize, os Thomsen did m 1853, and assume 
that the themal value of abreaction is a measure of chemical ..ivfiSmty 
between the r^otmg_aub^imes,band that every ohemioal chang e whi ch 
<SaB^ke'TJlaoe"wi£hout the aid of evtem^ energy will bo accompanied 
by the evolution of heat , or as IL Borthelot expressed it in 1869 Every 
chemical change which takes place without the aid of external energy 
tends to the production of that which is accompanied by £e 
development of the maximum amotmt of heat This is the so called 
principle of maximum work Hence also reactions which proceed 
spontaneously, when once they have been started, liberate some form of 
energy, generally heat, durmg the progress of the reaction 

Objections —There are three main objections to this generalization 
winch oannot therefore bo true m its present form 

(1) In balanced reactions (p 97), the reaction may be exothermal in 
one direction, and endothermal in another According to the pnnoiplo 
of maximum work, the exothermal reaction ought to go completely to an 
end Hence the pnnciple is not m agreement with facts 

(2) Many reactions are known to be acoompamed by an absorption 
of heat 

(3) Many ^sterns require a prehminaiy impulse (p 112) to start the 
reaction, and hence it would be necessary mtroduce a clause to provide 
for this phenomenon 

The prmciple of maximum work must therefore be either amended 
or abandoned Further mvcstigations have shown that probably all 
jwssible chemical and physical reactions 11111 be exothermal and complete 
at absolute zero, —273° , and consequently, the principle of maximum 
work will probablv apply at that temperature At ordinary temperatures, 
the principle is oolv roughly apphcable 


§ 9 The Principle of Reversibility 

The most stable compounds are usually, but not alivays, those with 
the greatest heat of formation In a general way, the higher the tempera- 
ture the less the stabihly of exothermal compounds , and conversely. 


meroury, 1 sq om sectional area and 76 cm long ireighs 70 X 13 60 = 1033 
^a^ (Rinoo the speoiflo gravity is 13 69) Tins pressure exerted along a paUi of 
io Jr ?"? ^ 8”*"* 33 46 X 1 033 kilogram oms But 

"ivii alent to one calone Hence, 38 46 x 1033 43 06 

s 800 cals or 0 8 Cal 
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endothcnual compounds gcuciaily become more stable at higher tempera- 
tures because an absorption of heat is necessary for their formation. Here, 
then, ive have another illustration of “the pmiciplc of ro\crsibility ” pro- 
nously discussed, p 25 A compound formed by an evolution of heat ib 
decomposed by the addition of heat, and a compound formed by an 
absorption of heat is decomposed by the ivithdrawal of heat. W Ostwald 
(1891) has said . 

Ib 13 TOnorally believed that at a high temperature, such ns that which 
exists m tile electric arc, and in the sun's atmosphere, nil compounds must bo 
dissociated mto their elements This view is certainlj not justified On the 
contrary, what wo actually know about the stabihty of compounds is tliat nil 
compounds which are formed with an absorption of heat hecomo nioro stablo 
with nsmg temperatures, and ucc versa Owing to the fact that tho majority 
of compounds taiown to us are formed from their elements with tlio evolution of 
lieat, and m consequence, hecomo more unstable ns tho tompernturo rises, it lins 
been concluded that this is gcnernllv tho case But if wo remember that acety Icno 
and cyanogen — ^two compounds formed with tho absorption of heat — arc rendilv 
formed in quantity at tho high temperature of the blast furnneo, and in the nro 
light, wo see tho possibility that spectra occurring at high temperatures may 
belong to compounds which exist only at elevated temperatures 

As a matter of fact, some cndothermal compounds become cvothcrnial 
at higher temperatures — eg hydrogen iodide, hydrogen sulphide, and 
probably ozone, hydrogen peroxide, silver oxide, etc Comorselj, somo 

exothermal compounds become endotbermal at higher tempcrattii'cs 

e g silicon hexachlonde Consequently, there may bo a reversion in tho 
thermal value of some chemical processes when the temperature is aug- 
mented The consequence is that a compound may bo unsteblc iil low 
temperatures and stablo at higher temperatures, or convorselj', stablo 
at a low temperature and unstable at a higher temperature Hydrogen 
peroxide and ozone are examples of the former, water an example of tho 
latter. * 


§ 10 Hess^ Law 


G H. ^ss (1840) measured tho heat developed during the formation of 
a compound made m several different ways and came to tho conclusion that 
tte ^ount of heat evolved during the formation of a given compound 
IS the same whether the compound is formed directly or m a senes 
of mte^e^ate stages This is called Hess' law Tho pnnciplo may iS 
mustra^ by making calcium chlondo by the action ol qmcklimo on 
dilute hydroohlonc acid. It is found that ^ 


CaO -f- 2HClaq = CaGlaaq + HjO + 40 Cals 
Instead of this, first slake the quicldimc, and 

CaO + HgO = Ctt(OH), + 16 cab 
Dissolve tho calcium hydroxide m water, and 

Ca(OH)j + Aq = Ca(OH),aq-j-3cal3 

Mix tho hmc water with dilute hydroclilonc acid, and 
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The heat of formation of a compound is mdependent of its mode 
of formation 

This result is but a particular apphcation of tlio law of jicrsistuicc of 
energy and it may bo expressed by saying that the ohango of energy of a 
system m passuig from one state to another depends upon the mitial and 
fmal states of the system, and not on the mtermediato states. Starling 
riith given raw materials, suppose that it 11010 possible to make a com- 
jiound by two different processes so that the total heats of formation of 
the compound wore different, it follows that a decomposition of the com 
pound formed by one of the processes (Lavoisier and Laplace’s law) could 
lead to the creation or destruction of energy 

It follows from Hess’ law that if the heat of formation of oaibon dioxide 
be C + 20 = CO 3 + 94 3 Cals. , and CO + 0 = COj + 68 Cals , wo have 
(C + 20) - (CO + O) = 94 3 - 68 Cnis. 

Consequently, the heat of formation of carbon monoxide is C + O 
= CO + 26 3 Cals This illustrates the fact tliat the thermal value of 
a reaction is the sum of the heats of formation of the final products 
of the reaction less the heats of formation of the mitial products of 
the reaction This corollaiy to Hess’ law is valuable because it enables 
the heat of formation of a compound horn its elements to bo computed 
uhen a direct dotormmation is cither impracticable or very difficult. 

ISxAMFLi. — It IS required to coinputo the lieat of fonnation of K -f d =: TCCl, 
\\ lien it is knoim that tlie heat of formation of K O -{- H >1- Aq = KOHmi 
+ 116 6 Cals , 2H + O t= HjOuq + 08 4 Cals , H + Cl = HClaq + JO J Cols , 
heat of solution of KCl m water — 4 4 Cals , and that 

KOH., + HCLq = KCbq + H,0 + IJ 7 Cals 
Tills lost relation can be written 

(K + Cl + Aq) + (2H + 0)uq - (H + Cl + Aq)-(K+ O + H + Aq) = - IJ 7 Ouls 
Consequently, after substitutmg the gi\en data, we get 

(K + Cl + Aq) + 68 4 - 30 3 - 116 6 = - 13 7 

Hence, 

K + Cl + Aq = KC1„ + 73 7 Cals. 

bubtruct the heat of solution —4 4 Cals , and wo got 7J 7— (—4 4) = 78 1 Gals 
for the thermal value of the reaction £ 4- Cl = KCl It will bo noticed that the 
solution of potassium ohionde m water is an endothenual process, and hence the 
beat of formation of KClaq is less than the heat of formation of KCl 


Questions 

1 Write on account of the chemistry of ozone In what way is the com 
position of ozone deduced 7 — St Andrews Umv 

3 Finely divided silver thrown mto hydrogen dioxide occasions a sudden 
evolution of oxygen, but the metal is not oxidized Silver oxide m hko manner 
occasions a similar evolution, and metalhc silver results Explam these facts — 
beience and Art Dept 

3 What are the chief prcmrties of hydrogen peroxide ? 20 c c of a solution 

of this substance, after acidification with dilute sulphuno acid reduced 24 c c of 

K potassium permanganate Calculate the percentage of hydrogen peroxide 
m the solution — St Andrews Umv 

4 Whot is meant bj the terms “ endothermic ” and “ exothermic ” com 
pounds 7 To what class do substances known as ‘ oxplosiv es belong ” 7 Accomit 
for the greater activity of ozone over that of oxygon on thonnocbemical grounds, 
and for its resolution into oxjgen by oompression — Science and Art Dept 

C W hot IS n ‘ silent discharge ” 7 Make a sketch of a piete of apparatus 
suitable for submitting gases to such dischorge, and indicate any chemical changes 
which con be produced by its moons — London Umv 



20S 


OZONE AND HYDROGEN PEROXIDE 


“O Imt IS tlio heat of formation of zmc clilondo, ZnCl., solution nJ Jen tJio 
reaction, Zn + 2HClnq= ZnCl-nq + H- + 34 4 cals , and the heat of 
of an aqueous solution of hydrogen chloride, is given by the equation il- u-i: 
= 2HC1 + 78 C cals 7 — French OoU n 4 j i 

7 Discuss the question of the ■valency of oxygon rcforiiTnc specially to mo 
evidence of its character os a quadrivalent element — Hoard of Educ 

8 Fiv'C cubic centimetres of a solution oi hjdrogen peroxide wore mixed vvitli 
cn acidified solution of potassium pcririanganato and 20 c o of oxvgcn voro 
c\ olv ed measured at N T P From this result, calculate the per cent of hvdrogcii 
pcrcvide present in the solution- Hott \rould such n solution bo labelled lU 
commerce ’ — Board of Edue 

fl When hvdrogen is heated to 2100®, it has been stated that some of the 
diatomic molecules are decomposed H;r=^2H , again ozone is formed when oxv gen 
is subjected to an electric discharge 30.^0, Are the substances symbolized 
by O., H-, and Oj elements ? How do the facts just indicated affect the definition 
of an element An clement is a substance ■which cannot bo separated into simpler 


substances bj anv knovra means 1 

10 How mav a chcmieal equation bo modified so ns to represent not only a 
redistribution of matter but also a redistribution of energy T E-«plam what is 
meant bj tlio fact of formation of n compound From tho followmg data fiiuf 
the heat of formation of acetylene, C-H - 1 When 24 grms of carbon, 2 grms of 
Indrogon, and 26 grins of acetylene arc burnt separntclj m an excess of oxjgcn, 
104,000, 68,000, and 310,000 calories are respectively evolved — Cape Vntv 
■'ll Find the amount of heat K liberated m tho reaction AlClj-f-'^^i'^^ 
^\l 4 .x£ The heat of formation of aluminium ehlondo, AlClj, is lOlO/f, and 
of sodium chloride, NnCl, 970/v — Sydney Vntv 

12 What amount of licat w evolved when 46 grms of metallic sodium rentts 
until an excess of water, given tho heats of formation of water (H-0) is 69 Cals , 
and of sodium hjdroxido (NaOH), 112 6 Cals ? 

13 Wiat substances besides ozone have tho power of turning iodized starch 
pajner blue t How are thej distinguished from ozone ’ — Science and Irt JJcpt 

14 Write a concise historical account of tho chemistry of ozone as developed 
bv' the resonrehes of Schonbcin Andrews and Tail, Brodie, Sorot, Haulcfcuilio 


and Cliappins, Houzcau, and others How do joii account for ozono hemp an 
e-vplosivo substance under certain conditions ’ Defino tho conditions under 
which it may bo exploded — Science and Arl Dept 

'15 Find tho heat of formation of aldehyde, C-H 40 from its cloments when 
aldehyde is (a) liquid, and (6) gaseous Data C-H«0 +60 = 2CO-4- 211-0 , 
tC-H,0, 50] liquid 276 5 Cals , [CO,] 96 0 Cals , [ll-O] liquid 68 1 Cals , 
[H-,0] gaseous 58 7 Cals , [C-H40,60] gaseous, 266 0 Cals ~^itcna Collcyc 



CHAPTER Xn 

Osmotic Pkessohe and Related Piilnomena 

§ 1 Diffusion in Gases and in Liquids 

Tho subsbtution of analog} for fact is the bane of chennoal philosophy } 
the legitimate nso of analogy is to connect facts together and to gmoo to 
new experiments — Davy 

Let a large crystal of a coloured salt — say copper sulphate — be placed 
at the bottom of a tall gloss cylmder, and the romamder of the ]ar bo 
filled with water The coloured salt is chosen because tho movements of 
the resnitmg sdlution can be readily seen Let tho jar stand where 
it will not be disturbed by evaporation, agitation, etc The sdrfaco 
of separation between the solid and solvent w^ be gradually obhterated , 
m time, the coloured salt will diSuse uniformly throughout tho whole 
body of hqUid. The diffusion of the salt m the Solvent seems to be 
analogous with the process of diffusion m gases It is mferred tiiat fjie 
molecules of the hqmd are m perpetual motion m all directions , and 
that the protracted time occupi^ by the diffusion of the molecules of tho 
dissolved salt m the hqmd is due to the close packmg of the moleohles 
of the hqmd. Consequently, the free progress of the molecules of the 
dissolved salt — ^p 114~m the solvent is greatly impeded 

Just as the molecules of a gas m a closed vessel are dissenunated in a 
relatively loige space, so are the molecules of a sohd m solution scattered 
m a relatively large volume of solvent It is true that tho molecules of 
the salt m solution could not occupy the space if the solvent were absent, 
otherwise the analogy between a substance dissolved m a solvent and a 
gas scattered m space would be very close Arguments from analogy are 
notorionsly treacherous , and whatever conclusions might be mferred 
from a closer study of the analogy between the process of solution and 
gaseous diffusion, the fact that the molecules of the dissolved substance 
are CO mingled with the solvent, and that the molecules of the gas are not 
associated with such an agent must be constantly borne in mmd As 
G F Fitzgerald has said “The dynamical condtion of molecules m 

( solution IS essentially and utterly different from that of the molecules of a 
gas" 

§ 2 Solution Pressure — Osmotic Pressure 

If tho diffusion of gases bo resisted by plaomg a permeable partition 
between tivo ga^os, a pressure mil be oxort^ upon the partition as iras 
cxemphfied in the cxpermicnts on p 106 It is ea^ to show that tho 
particles of a dissolved substance exert a sunilar pressure when a partition 
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IS pliced between the solution and solvent so that the partition offers no 
obstacle to the free circulation of the molecules of the solvent, but re^nsts 
the free passage of the molecules of the dissolved substance 

A piece of wet bladder is stretched and wired over the head of a wade 
thistle-headed funnel anth a stem about 10 cm long 
When nearly dry, the bladder is removed and the hot 
funnel is smeared abont the nm with manne glne Tlic 
bladder is immediately wired securely in position 
The thistle-headed funnel is nearly filled with a con- 
centrated solution of cane sugar and joined by means 
of pressure tubing or a rubber stopper mth a piece of 
capillary tubmg of I mm bore bent S shaped as in- 
dicated m Fig 80 The funnel is immersed m a jar 
of water The level of the index of coloured water 
in the capiUaiT tube is marked with gummed paper 
and the apparatus is allowed to stand over night In 
the raormng the hqmd in the capillary -mil have nsen 
about 10 cm. Water has obviously passed from the 
beaker through the membrane into the sugar solution. so — lllnstra- 

y tlon of Oimotjo 

The passage of water through a membrane in this manner Pressure 
ts called osmosis— from the Greek u-tntxA fosmos), a push If 
the osmosis be inwards towards the solution it is called endosmosis , if outward^ 
exosmosis. The membrane permeable to the soh ent impefineable to the dissoK «! 
‘mbstanee, is called a semipermeable membrane The extra pressure ext rted iinon 
the membrane In the sugar solution was stxled In \\ Pfcfler (lt?77) “tin 
osmotic prepure of the sugar soluUon ” Solutions with the same O'motio nressure 
ore said to bo M-osmotac or isotomc 



action is cunous In the ordinary nature of things the sugar 
would diffuse into the solvent until the whole sj-stcra had one unifonn 
concentration The membrane prevents this. If the sugar cannot get 
to the solvent, the solvent goes to the sugar— a case of Slohnmmet and 
the mountem Molecules of sugar and molecules of water attempt to pass 
through the membrane ; the way is open for the molecules of irater. but 
not for the molecules of sugar W'ater can pass freelv both iravs The 
extra pressure on the solution side of the membrane — ^the solution ores- 

bombarding of the membrane b\ tbo 
molerales of sugar Eqmbbnnra occurs vhen the number of molMulcs 
of water passing downwards through the membrane is equal to the number 
passing m the opposite direction. The rcsultmg pres^re is the Sion 
pressure or the osmotic pressure of the solution " 

Let ns be perf^tly clear about this or ne may he led into error Tim 
fMt obserri^isthat the osmotic pressure is the excess of the pressure 
on &e solution side of a semipermeable membrane over the 
on |ie solvent side, po hypothesis here iniggestcd-often^dS^a? 
HofPs hjrpothesLs — ^is that this pressure is due to the hnmbnt-a* » 
^mipermeable membrane by the di^^solved molecules tmnn to 
a. .olva.t and make aoWt and solnhon onrnXrSfcenttfZ ' 
Imagme the expenment arranged a httlc differenth Simnnc n 
aqneous solution ot sugar m the lower part ot a crbndei pi- *? 

separated fam the pa?e solvent m the nppm Mrt of S’e^vl ?’ a 
semipermeable membrane A so fitted tbatSlan shde freely up S'^doum 
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tlio cylinder Tlie upward osmotic pressure of the solution will naturally 
foice the piston upwards, and a weight p, equivalent to the osmotic pressure 
of the solution, will be required to keep the somipenneablo membrane 
in one fixed position C Brown has an interesting 
experiment illustrating this A concentrated solution 
of calcium nitrate is saturated wsth phenol and the 
mixture poured into a toll narrow cylinder The 
excess of phenol nses and floats upon the surface of 
the ealoium mtrate solution Tlio phenol should not 
be m larger excess than is required to give a layer a 
few millimetres thick. Distill^ water, saturated with 
phenol IS carefully poured above the two layers of 
hquid in the oyhnder The water floats on the 
surface of the phenol ^e water on both sides of 
the phenol can traverse the partition of phenol, but 
|tho caloium nitrate cannot pass through Hence 
{the layer of phenol is a somipenneablo membrane 
Mark the level of the layer of phenol m the eyhnder by means of a piece of 
gammed paper If the upward motion of the layer of phenol bo marked 
from day to day, it will be found to rise higher and higher, and finally 
surmount the rest of the hquid m the cylmder 

§ 3 The Measurement of Osmotic Pressure 

Animal membranes are objectionable when exact measurements are 
required because, to a certain extent, the results depend upon the nature 
of the membrane , the membrane is not strong enough to wthstand the 
great pressures developed by osmosis , and, most serious 
of all, the membrane is not qmte semipcrmeable, an 
appreciable amount of, say, sugar does actually pass 
though the membrane It would therefore be as 
profltable to measure the pressure of a gas in a leaking 

Pjjj Seimner measure the osmotic pressure of a 

meable Mem solution with a membrane which allows part of the 
branes. dissolved substance to pass through Wo therefore fall 

back on artificially prepared membranes No artificial 
membrane has been so successful os a film of co pper ferro RianiHe de- 
posited ^ between the inner and outer walls of a “ porous pot,” and 
illustrated by the sketch of a broken pot. A, Fig 82 Tlie porous pot 
with its semipermeable membrane A is fitted with a suitable manometer 
(Fig 83) to indicate the pressure W Pfeffer mode some measurements 
with cells made in this manner, m 1877 The apparatus was immersed in 
a largo bath of water to maintam the temperature constant durmg the 
experiment. 




Pressure 


§ 4 Osmotic Pressure and the Gas Laws 

I The relation between osmotic pressure and the concentration 
of the solution — ^Boyle’s law — W Pfeffer (1877) obtained some data 

1 By steeping a clean porous pot in nn aqueous solution of potassium ferro 
cianide, nnsmg in wntor, and then submerging the pot in an aqueous solution 
of copper sulphate 
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with thi'; apparatus which J H vati’t Hoff (1887) utih/cd, until romnikahlp 
cleverness in developing uhat he called “the rdle of osmotic prossuic iii 
the analogj* betueen solutions and gasc<! ” j’hc cv]>eri - 
jncntal data showed that th e osmot ic pressure is \ cry 
nCSflj" proportional toTKe concentration of the soTufion , 
othennse”CVj>fessedr the~dsmdtic“ prK^ufc'^appctitf to 
depend upon the degree of crowding of the molecules 
of the dissolved substance Instead of repeating 
Pfeffers measurements, some later determinations bj’’ 

H. N Morse (1907) can be quoted (temperature nearly 0®) Manometer ■ 

Concentration 0 1, 0 2, 0 3, 0 4, 0 6, 0 6, 1 O' 

Osmotic pressure 2 4, 4 7, 7 0, 9 3, 11 7, 14 1, 23 7 ntm 

Equl^ aicnt gas pres- 
sure 2 2, 4 6, 6 7, 8 0, 111, 13 4, 22 3 ntm 

The “ equivalent gas pressure ” is here calculated on 
the assumption that a “ sugar gas ’ obcjnng Boyle’s 
law really exists The results are plotted m I'lg 84 
The deviation of the osmotic pressure curve from the 
dotted curve emphasizes the fact that the donations of 
the osmotic from the equivalent “ gas pressures ” grow 
larger with mcreasmg concentrations, and hence exact 
proportionality occurs only when the solutions are 
very dilute For dilute solutions, the osmotic pressure 
IS nearly proportional to the concentration, or, as \\ 

Ostnald puts it, “the osmotic pressure of a sugar 
solution has the same value as the pressure the sucar 
would exert if it were contained, as a gas, in the volume occupied bv the 
solution” This is another vayof sajung that the relatioji he t neon tin 
osmotic pressure of a solution and its 
concentration has the same form as 
Boyle’s law for gases Tlic analogy 
docs not work out so well for con- 
centrated solutions as with dilute 
«olutions — ^possibly owing to the dis- 
turbing effects of overcrowding pn- 
duced by (I) molecular attraction 
between the molecules of the dissolved 
substance , (2) and between the 

molccnles of the solute and solvent, 
and (3) the volumes of the molecules 
themselves The first and last of 
these effects for ga&es were discussed 
when deahng -with Bojle’s law for 
ga^es 

2 The relation between 
osmotic pressure and temperature — 

Charles’ law — Pfeffer’s measurements on the ^ 

showed that the otmoHo Jjj 5 >a»rtI 0 Ml.to .l£^^ 

li -- J litres {p (,6) Hence 


Fio 83 — Mca^nre 
lucnt of O’lmotic 
Prewnr*' 
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temperature, wliioli moan'? that the relation between the osmotic pres- 
Burc and the temperature of a given solution has a formal analogy until 
Cliarles’ law for gases In illustration, some results by H N Morse (1911) 
for unit concentration may bo quoted 

Temperature 0“ 6“ 10” I«“ 20” 25” 

Oamotio pressure 24 8, 26 3, 26 7, 26 2, 26 6, 27 0 atm 

Equivalent gas pressure 22 2, 23 0, 23 4, 23 8, 24 2, 24 6 atm 


The “ equivalent gas pressure ” is here calculated on the assumption 
that a “ sugar gas ” obeying Charles’ law really exists Tliese numbers 
are plotted m Ibg 85, and the graphs show the proportionahty between 
osmotic pressure and temperature , j>/T = constant The space between 
the two curves represents the deviation of the observed osmotic pressure, 
from the pressure calculated on the assumption that the dissolved sub 
stance behaves os if it were a gas 

3 Avogadro’s hypothesis apphed to solutions — By a companson of 
the concentration of solutions at the same temperature and the same 




S’ /O’ /S’ 20’ 25 
Temperature 

85 — Oamodo Pressure and 
Temperature 


osmotic pressure, it has been inferred 
that they contam the same number of 
molecules of the dissolved substance 
per unit volume The term “ number 
of molecules ” is usedm the some sense 
that the term is used m statmg 
Avogadro’s hypothesis for gases 
“Equal volumes of aU gases at the 
same temperature and pressure contain 
the same number of molecules ” Hence 


van’t Hoff’s hypothesis assumes that /lie osmotic pressure ond refoteif 
properties — vapour pressure, freezing point, and boiling point — of dilute 
solutions (1) depend upon the number^ of molecules of solute dissolved in 
unit volume of the solution, and (2) are independesit of the chemical nature 
of the solvent and solute, and (3) of the relations between solvent and solute 
Equal volumes of solutions contammg the same number of solute 
molecules have the same osmotic pressure There is a striking 
resemblanoo between tins assumption and Avogadro’s hj^iothesis for 
gases, and it harmonizes \nth a number of facts The prmoiple can be 
applied to measure the molecular iveight of substances m solution 


ExaupIiES — (1) An aqueous soliitaon of 1 0047 grams of orthobono aoid per 
litre at 0° has on osmotic pressure of 27 3 cm of morcur> What is ilie molectuar 
iveight of the acid T Since 1 gram molecule of a substance m the gaseous 
state oceupics 22 3 litres at 0* and 760 mm , we ha\e here to find uhat weight 
of substance will occupy 22 3 htres at 0” and 700 mm , gi\en 1 0047 gram occupy 
I litre at 0” and 278 mm pressure Obviously, 1 0047 gram will occupy 0 301 
litre nt 0° and 760 mm , and if 0 361 htre weighs 1 0047 gram, 22 3 litres will 
weigh 02 grams at the same temperature and pressure Hence the molecular 


0 1 molcculo will occupy 2 23 hires By choosing the concentration so that m 
Bojlc’s rotation pv = constant, o solution contammg n molecular weight e\- 
pressed in grams per 22 3 litres, has a concentration of 22 3 umts wlion p = 1, 
wo get from Boj lo s low p — t7 = 22 3 Tlie concentration, it will be mmembered 
IS in\ orsclv proportional to tlio v olunio Hence for a concentration 0 I, wo got 
L j) = 2 23, for G = 0 2 p = 4 40, etc 

• CorMOATi\E IhiopEHTiES — ^In contrnchstmotion to additive properties, 
'■w^colligative properties depend on tlie ro]ap\o number of molecules present and 
pot on^the Kind of molecules — r g the froozmg ond boiling points of solutions 

i 


OSMOTIC PKEbSUUE AND RELATED THEXOilEKA 211 

vfjqlit of the given ncid i« 62 , this agrees with the formula B(OH), for ortho- 
bone ncid 

(2) A 2 per cent solution of cane sugar has an osmotic pressure of 1016 imr 
at 15’ , what is the molecular weight of cano sugar ♦ 100 c c at 101b mm pressure 
becomes 0 126 litre at 760 mm pressure and O’, and 0 126 htro corresponds with 
2 grams of cane sugar Hence 22 3 htres will ha\ o 355 grams at the same tempe- 
rature and pressure Tlie molecular weight of cane sugar is therefore 355 The 
true number is 342 

There are so many expenmental difficulties involved in the direct 
measurement of osmotic pressures that the method is rarclj if ever em- 
ployed for molecular weight detenmnahons 


§ 5 The Relation between the Vapour Pressure of a Solution and 
the Molecular Weight of the Solute. 

iL Faraday knew m 1822, that the vapour pressure of a solution is 
lower than the vapour pressure of the pure solvent , but A R uJlner dis. 
covered the important fact cjqienmentally. in 1858 that the lowering of 
the vapour pressure of a solution is proportional to the quantity of 
substance in solution provided that the dissolved 
substance is non-volatile This is sometimes called 
Wullner’s law 

Suppose a solution A, Fig 86, confined m a long 
stemmed tube, as illustrated in the diagram, be 
separated by a semipermeable membrane 31 from the 
pure soRent Let all be confined in a closed vessel 
Osmotic pressure u-fll force the solution to nsc in the 
narrow tube to a height uhen the uhole g:^tcni 
IS m equihbnum Let denote the vapour pressure 
of the solution m the narrow tube, and p the laiKnir 
pressure of the solvent m the outer vessel The 
^apou^ pressure of the solution at the surface m the 
narrow tube must be equal to the vapour pressure 
of the solvent at the same level, othermse distillation 
would take place either to or from the surface of the 
hquid in the narrow tube In either case there u ould 
be a constant flow of hqmd respectively to or from the 
vessel tluough the semipermeable membrane m order that /i may have 
» ratae Othcrvnso cjprescd, porpetaal motion aonM'oo^r 

By the law of excluded perpetual motion ” this is impossible, hence the 
va^ur pressure of solution and sohent at the upper level of thrsXioii 
in the narrow tube must be the same The vapoS pre^re of the solvent 
at the level a will be equal to the vaiiour pressure of the solvent at tho 
uer level b less the pressure of a column of \apour of hcjclit /i ner unit 
area, or bmee the height /, is deter^Vd bf Vbl o * 

p^ure, which m turn is determined by the conception of 
there must be a simple proportioniity bePS 
or concentration of the solution and thl lowest of ft 
pressure (p_p,) Just as the osmotic preesurc 

scquently. the relative lowe^g^f the 
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addition of a foreign substance is proiKMtional to the concentration The 
pbonomcnon can be illustrated by introducing about 2 c c of Aiatcr, 2 
0 0 of a 2 per cent solution of potassium iodide, and 2 c c of a 4 per cent 
solution of the same salt into the Torricellian vacuum of three barometer 
tubes mounted within a hot jacket The effect will bo obMOUs from Eig 87 

If 10 denotes the w'cight of 
substance in grains dissolved in 
100 grams of sohont, and if ji 
denotes the resultant lowering 
m the vapour pressure of the 
sohent, it can bo shown by an 
cvtcnsion of the above reasoning 
that the molecular weight of the 
solute IS 

1 10 

Molecular weight = k — 

P 

where k is a constant whose 
numerical value depends upon 
the particular solvent used Tlie 
method for determining the 
inolccular weight of a substance 
from direct measurements of the 
lowering of the vapour pressure 
IS of great theoretical interest 
but in practice the method is 
seldom employ cd 

Deliquescence — ^If a soluble 
substance becomes moist by the 
condensation of moisture on its 
surface on exposure to the air 
the vapour pressure of the con- 
centrated solution so formed is 

rio 87 -Tlio Vapour Pressure o£ Solutions ^^^aii the ^npou^ pressure of 

the moisture m the surroundmg 
oir Heiioe more moisture condenses on the surface, and tlus continues 
until the vapour pressure of the solution is equal to the vapour pressure 
of the aqueous vapour m the atmosphere Tlius deliquescent substances 
not only become moist, but they attract so much moisture from the 
atmosphere that they dissolve m the water removed from the atmo 
sphere , c g calcium ohlonde, potassium carbonate, sulphuric acid, etc 
The evaporation of solutions — G P Fitzgerald ^806) has pointed 
out that the kinotic theory of evaporation desenbes the lowering of the 
vapour pressure of a solution m tlus manner The presence of non 
volatile molecules of the solute at the suiface of the solution hinders the 
egioss, but does not prevent, or possibly fncihtates, the return of the 
\olatilo molecules (Fig 51) The gas analogy hypothesis of osmotic pi-es- 
buro assumes that the presence of a body in solution jiroduccs no effect or 
the same effect on the ingress oi cgicss of the molecules of the solute, for 
the bill face of a liqmd with a non volatile solute is a perfect scnupormeablo 
mcinbraiio — Avaler molecules can pass tlirough the surface freely, but the 
molecules of the solute cannot It is a remarkable comcidcnco that inth 


Vapour 
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dilute solutions the osmotic pressure is roughly the same ns that whicli 
would be produced by the molecules of the solute if it wore in the gaseous 
state, but, as previously indicated, the dynamical theory of the tno must 
bo intrinsically' different 


§ 6 Callendar’s Vapour Pressure Hypothesis of Osmotic Pressure 

The gas-analogy hypothesis of osmotic pressure — ^Thc “ laws ” 
associated vuth the names of Boyle, Charles, Dalton, and Graham, 
and the hypothesis of Avogadro, are but a few of the many striking 
analogies subsisting between the behaviour of gases confined in a 
given space, and substances in dilute solution We know enough about 
nature to believe that if tuo things arc cvactly alike, they mil behave 
alike under the same ciicumstanccs , but uhen the things compared 
are not quite similar, wo must bo prcpaied for discrepancies. Analogy 
IS not proof Had Isaac Newton measured the refractory pouct of 
native cadmium sulphide — greenockitc — ^lio Mould no doubt ha\e said 
“greenoclnto is probably anunctous substance coagulated,” and ho would 
have been wTong As it happened, this prognostmation turned out all 
nght with the diamond The liypothens that the osmotic pressmo of a 
dilute solution is produced by the bombardment of the scmipcrmeable 
membrane by the dissolved molecules gives a \ery plausible intei- 
pretation of the analogy between the behaviour of dissolved molecules, 
and the molecules of a gas brought out by J H van't Hoff, but the 
analogy appears to break dowi so completely mlh more concentrated 
solutions that a number of rival hypotheses ha\o boon advanced 
to explam the phenomena The principle of exhaustion, indicated on 
p 7, compels us to investigate other hypotheses H L Callcndar’s 
vapoui pressure hypothesis (1909) is one of the most satisfactoiy' and 
It IS superior, m many respects, to the gas-anology hypothesis Callendar’s 

h^othesis has been tested with somewhat concentrated solutions, and 
wherever data are available it has been eminently successful 
+i,o7+if pressure of a liquid under pressure —Experiment shows 

that the maximum vapour pressure of a solution can bo altered in three 
ways (1) by altering the temperature (p 167) , (2) by var\uiic the eon 
c«ntrat.on of the «olut.on (]?.g 87), aSd ,3) by 'alto'n^S* XZ 
under which the liquid itself is confined The effect of pressure^ on the 
freezing point of nator (Of?. Kg 66) is on oppheolion of tlie thud principle 

Tlio student might \ory proporlj rniso the obieotion to tho th.rrl c 

altering the vapour pressure of a liquid , it has Lon shoira n V 

possible to rniso the presauro on a saturatnd vnnom* a ’ ^ 

h a vertical oylmdo?. proMd^ with a mstorCnCnu ? 
and vapour, it is quite true that tho dowon"of the '™ter-{iquid 

donsation of water vairour until all the vaooiir m l.o? p *1 result m tho con- 
vepour „ pro.™, tli. fSponr pniiiiS X""-' 

as vrell ns water vapour bo present, it is easy to soo that +lm*l i 
decreases, or the pressure of the air on the surface of volume of tho nip 

descent of the piston Tho water i aponr stilfsunoort^IS"*^ ^creases during tho 
pressure up to its maMmum vapom prMsuro 

much ns before wiU condense, coiisequontly tho houid unrl TP'’"’' ‘J"'*® ‘'o 

tomnl pressmo can exert a greater vapour pre3suTfi,„„ 4v ® “ons^Jornblo ox- 
pressure under atmosplienc pressure ^ ri-aauro tJinn the maximum \ aponr 

The relation between vapour pressure and i. 
hnn hnen pinvcd n.p«ta1Iy that the ma«„?unSnur‘’preSe“S 
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a solution under very great pressures is rather greater than the 
ma;]amum vapour pressure of the same solution under atmospheric 
pressures, see the curve ON, Eig GG Again, the vapour pressure of a 
solution is less than the vapour pressure of the jiure solxent. Fig GO 
Consequently, if the pressure on a solution bo sufficiently augmented, the 
pressure of its vappurcan bo mode equal to the vapour pressure of the pure 
solvent under atmospheno pressure This is the condition necessary in 
order that solution and solvent cap exist side by side in cquihbnum If 
tlie vapour pressure of the solution were less than that of the pure 
solvent, the system would not bo m equibbrium, because vapour would 
distil from the solvent mto the solution until the vapour pressure of both 
were the same. Conversely, when a solution under its oivn osmotic 
pressure and the pure solvent are m oquihbrmm, it follow's that their 
vapour pressures must be equal Hence, according to Callondar The 
osmotic pressure of a solution represents the external pressure which 
must be applied m order to make its vapour pressure equal to that 
of the pure solvent With this h3rpothcsis Callondar has calculated 
the osmotic pressures of sugar solutions of different concentration from 
published vapour pressure data, and tlie results are m close agreement 
with observation 

Concentration 180 100, 420 1540 grams per litre 

Observed osmotic pressure 14 0, 26 8 44 0 67 6 atmospheres 

Calculated osmotic pressure 14 1, 26 8, 43 7, 67 0 atmospheres 

Hence it IS inferred that osmotic equilibnum depends upon the equality 
of the vapour pressure of the solution and of the pure solvent 

A somipermeable membrane may be likened to a partition pierced 
by a large number of minute capillary tubes , suppose that the capillar> 
tubes are not wetted by either the solvent or solution, then neither the 
liquid solvent nor the solution can enter the capillaries,* although vapour 
can diffuse through the capdlary tubes But the vapour pressure of the 
solution on one side of one of the capillary tubes is less than the vapour 
pressure of the solvent on the other side , consequently, vapour will pass 
through the capillaiy and distil from the solvent to the solution Hence 
the volume of the solution will increase, and if the solution bo confined 
in a closed vessel, the pressure must rise and continue rismg until the 
vapour pressure of the solvent and solute are the same Tins incicnso 
in the pressure is the so called “ osmotic pressure of the solution ” 

§ 7 The Relation between the Boiling Pomt of a Solution and the 
Molecular Weight of the Solute 

In Figs 67 and 88 the curve PO represents the vapour pressure of the 
sohd, and OQ the vapour pressure of the pure hquid Tlie two curves 
intersect at the freezing point 0 Let Q, Fig 88, represent the boding 
pomt pf the solveq^ at 760 mm pressure, t^cn since the vapour pressurp 
of a solution is less than the vapour pressure of the pure solvent, let O'Q' 
represent the vapour pressure curve of a given solution Then PM will 
represent the freezmg point of the solvent, and PJlf' the freezmg point of 
the solution Smee PM' is less than PM, the freezing iximt of the solution 

‘ Unless the pressure on ope pf the hqmds exceeds 100 atmospheres. 
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■will bo less than the freezing pbiut of the solvent, and siilcc PN‘ lepic- 
senis the boiling point of the solution and PN the boding point of the 
solvent, the boihng point of the solution must bo greater than the boding 
liomt of the puio solvent This agrees ■with o^vpermicnt For instance, 
inth solutions of potassium iodide m 100 gmins of natcr, G T Gcrlach 
(1887) found 

Boibn^pomt 100® 101“ 102“ 103“ 101“ 106“ 

Potassium lodido 0, 15, 30, 46, 00, 74 gruins 


If the solutions aio lery sllong the relation is not qtlitc the same, but 
■with dilute solutions, the raising of the boding point of a dilute 
solution IS directly proportional to 
the ■weight of the dissolved substance 
m a given weight of solvent Double 
the concentration of the solution, and 
the elevation of the boding jraint ivill 
be doubled An equal number of mole- 
cules of the dissolved substance in the 
bame quantity' of a solvent give the same 
elevation of the boding point — P M 
Raoult’s law (1883-84) Hence the nse 
m the boding point of a solvent is 
proportional to the number of mole- 
cules of the dissolved stibstance in 
solution, and inversely proportional to the molecular weight of thesolute 
One gram-raolcoulo of cane sugar (342 grams) dissolved m 100 grams 
of water laisos the boihng point of the water o 2®, that is fiom 100“ to 
105 2“ This constant is called the boding constant for water , it 
is sometimes called the "molecular elevation of the boding point iiei 
100 grams of solvent ” Each solvent has its ow n spcoifio boding ooiiblant 
C(j acetone, 16 7 , benzene, 26 7 , cthei, 21 6 , carbon disulphide, 23 5,‘- 
etc The boihng constant is dolonnmcd by finding the boding point of 
say, water and of aqueous solutions contamiDg 0 02, 0 06, 0 10 gram- 
molecules of cane sugar, and calculating the icsidts ijcr 342 grams of 
cane sugat o ^ 



Suppose that w grams of a substance dissolved m 100 grams of water 
laised the boding point of the water 6“ Then, if M be to denote 
the moleoulai wciglit of the substance, wo have the proportion 
w M — b 6 2, or, foi substances dissolved in w'ater . 

^loloculnr woiglit = 5*2- ^ iiL. 

bo »sod deponds on tto «,lubity of the substoo So! “ ol^Uon 
H ether is used in place of water, 6 2 must be altered to 21 0, ote ® 

EviMpiES — (1) E Beckmann (1890) found that «> Ofi-jo 
dissolved m 30 14 grams of ether niiaor! il„,i ' grains of lodmo 

What 18 the moleotSr -weight of lodmo 7 *Horo 2 ® 

graiM of ether correspond with 100 X ’ 0670^ ® Sri in 30 1 1 

of lodme m 100 grams of tlio solvent Hence M- 27n v n ® ®278 grams 

Tha corresponds ^vith the formula l7w},L~i„ri“ -** « = 264 6. 

of 263 84 The numbers seldom, if over “ Uioloculat weight 

m the significance of the figures ’ ’ but tlioro con bo no mistako 
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(2) ]!i Jiocktiinnn (1800) found tliat n Bolution of 1 4176 |>riiin of plioaphonit; 
II 04 06 grutiis of carbon disuipbido niMcd tho boiling point 0 480° AMmt is 
tlio inoloculiir iroiglit of tho phospliorus T Ansuor Molecular \\cigbt, 120 10 
Tlio atomic voight of pbosphoras is 31, hcnco tho molcculo of pliospborus is ropre 
soiitod P 4 

(3) A Holff (1803) found that 0 2000 grain of sulphur in 17 70 grams of 
carbon disulphido raised tlio boiling point 0 107° Honco sliow that tho molecular 
weight of sulphur is probably Sa Horo w = 1 17 , and tho molecular weight is 
260 This IS close to tho thoorotical \ nluo 250 for S , 


E Beckmann's process for the determination of boiling points 
(1888-96) — ^Tlio apparatus consists of a glass boiling tube A, Eig 80, 

with a piece of platinum tnre sealed m 
tho bottom, and packed tntli beads to 
protent irregular boiling A side lubo 
tnth a condenser Cliqucfies the vapour 
git on off during tho boiling, and tho 
t\poscd end of the condenser is closed 
tvith a calcium chloride tube D Tho 
boiling tube is surrounded bj a jacket 
of some non conducting material IS, 
to prevent the radiation of heat Tlio 
boiling tubo IS iitted tnlh a Reek 
maim’s thormoinclor, T, tiliich can 
be read to iJu of a degree, and set^ 
Ml that tho merourt is about Imlf- 
ttayup tho stem when tho Miltenl is 
boiling Tlio boihng tubo has a stop* 
)H«cd sido tube, J, for introducing 
tho solution under mt cstigation Tlie 
ttholo 18 clamped to a stand and lests 
on an asbestos tray F 

Tlio boiling point of tho soh ent is 
hrst dotermmed The boiling tubo is 
Mcighetl Tlio solvent is introduced 
and its boihng pomt determined ulicn 
tho boiling IS bnsk and vigorous ® A 
knoum weight of tho substance is then 
introduced, and tho boihng point of 
tho solution determined A cor 
rection is made by subtracting 0 2 to 
0 4 gram from the weight of tho 
soh ent m order to allow' for tho 
solvent condensed on to tho walls of 
the apparatus and tho condenser The actual correction depends upon tho 
nature of tho solvent and the particular fonn of the apparatus used Tlio 



Fio 80 — ^Bookmann’s Apparatus for 
Boilmg pomt Dotorinmations 


1 This tliennometor has a reservoir of morcury at tho top so that it con l>o 
set for use at anv desired tomporaturo ns mdicatcd in to\t books of laboratorv 
processes In this uaj, an incomcraentlv long, or an incoiu onicntly large 
number of thermometers are not needed Tho thormoniotor is always tapped 
before a reading to make sure t ho morcurv is not lagging behind The lens L facili 
tales tho reading of the thoriiiomotor 

" Tho barometer should bo road to make suro no uppreciublo change occurs 
during a detorinmation 
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difticulty with this apparatus is to axoicl fluctuations of temperature in 
the boiling tube due to the radiation of heat , dnpping of the cold liquid 
from the condcnsci into the boiling solution, etc Many othci forms of 
appaiatus for this determination have been devised 

Landsberger’smethodfor the determination of boiling points ( 1898 ) — 
Li W Landsberger’s apparatus, a modification of nhich is shorniinFig 90, 
the solvent is boiled m 
tlic flask A, and the 
1 apour passed into tlic 
solution tta the tube 
F The temperature 
of the solution IS 
laiscd to its boihng 
liomt by the latent 
lieat of condensation 
of the vapour of the 
solvent The vapour 
of the solvent x>asscs 
to the condenser G 
through E around the 
boihug tube, and thus 
the inner tube is 
jacketed ivith the 
\ apour of the boihng 
soh cat This reduces 
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1* 10 90 — Landsberger’a Apparatus for Boiling- 
point Dctorinmations 


radiation losses The boihng point of the 
faohent lb lii-st dcteniuncd, and a weighed amount of the bohito is in- 
troduced into the innci tube B, which is graduated so that the boihng 
can be intemipted for a moment before more solute is added, and the 
Aolumo of the solution lead at a glance With the preceding notation, 
Avith Avatcr as a solvent, 

ta Ik T / / * . k 1 ^ 


Moloculur weight = 5 2 




where to denotes the weight of the substance per 10 0 c of the solvent, 
and 6 represents the elevation of the boihng point If other solvents 
be used 5 2 is altered thus for acetone, 22 2 , benzene, 32 8 , other, 
30 3 , carbon disulphide, 26 If the boihng tube be weighed so that the 
amount of solvent is deternuned by weight, and not by volume, the original 
formula, on p 216, is used 

, 9 Sram of a substonco with Sloe of ncetono caAO a nso 

of 1 47“ m tho boiling point of tho Rohent, what is tho molecular woicht of the 
sub^nco ’ Hero. «» = 100 y 0 820 ^ 8 1 = 10 24 In tho abov o^ fornnila, 

^ 2^2 X lo'24 -Tif =^164 ® molecular weight 

In the laboratory, advantage is taken of tho fact that tho boihng point 
of a solution is higher than the boihng point of tho purc solvent to get 
hquids for baths, etc , boihng a few degrees higher than Avatcr, b<r dis- 
so vnig the necessaiy amount of a salt in w atei For CNamplc, a saturated 
solution of sodium nitrate boils at 120 % and a saturated solution of sodium 
chloride at 180 
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§ 8 The Relation between the Freezing Point of a Solution and the 
Moledilar Weight of the Solute 

I't.c 

Similar remarks apply wit/aiw miSandta^o tlio freezing point of solu- 
tibUB as were made with roforenco to the bomng point A Study of Fig 88 
ivill show that if the vapour pressure of a solution is less than tliat of the 
pure solvent, the vapour pressure curve wall cut the ico curve at a toni- 
poraturo below the freezmg pomt of the pure solvent Tins means that 
the freezmg pomt of a given solution iviJJ bo lower than the freezing 
iroint of the pure solvent, and evpenmont shows that the loweniig of the 
freezmg pomt ivill bo proportional to the weight of the substance dis- 
solved in a given weight of the solvent This reminds us of Blagdtn’s 
law, p 161 The depression in the freezing point is proporfaonal to 
the weight of the dissolved substance in a given weight of the solvent , 
and inversely proportional to the molecular weight of the dissolved 
substance 

Equal gram molooulcs of diiferont substances m the same solvent 
depress the freezing pomt to the same extent — ^F M Raoult’slaw (1881-84) 
A solution of sugar (342 grams), metliyl alcohol ( 12 03 grams), etc , in l(jb 
grams of water depress the freezing x>omt 18 6° This is the freezmg 
constant for water It is also called “ the molecular depression of the 
freezmg point per 100 grams of solvent” Each sohent has its own 
spcoifio fuzing constant , e g acetic acid, 38 88® , benzene, 40® , racr- 
ouiy, 426° , naphthalene, 09®, etc 

If to gnwns of a substance, molecular weight M, dissoh cd m 100 gmiiib 
of solvent, lowers the freezing point/®, we hove the proportion to M = 
/ 18 6 for tiater , or, for substances dissolved m watoi, 


Molecular w eight = 18 6^ ^ 


This enables the molecular weight of a substance to bo computed from 
Its effect on the freezing pomt of water Tlio particular sohent to be 
selected is of course determmed by the solubihty of the substance under 
mvestigataon, and the number 18 6 must bo replaced by another if a 
different solvent be used 


ExasiTles —(1) W Tammann (1889) found that a solution of 0 022 gram of 
sornum in 100 grams of moroury lowered tbo freezing point of mercury 0 30° 
\Vhat w the molecular weight of eodium t Here, M = 426 X 0 022 0 30 = 

23 8 Hence the atomic and molecular weights are the same 

(2) W R Omdorff and J AVIilte (1803) found that a solution of 0 2736 gram 
of Hy^ogon peroxide in 19 86 grains of water lowered the freozmg pomt of ivntor 
0 746 What is the molecular weight of hydrogen peroxide ? Hero to = 100 x 
0 2736 -r 19 86 ^ 1 3773 / = 0 746 , hence, id = 34 2 Tills corresponds with 

tlie molecule H.Oj An earlier detormmation by AV Tammann (1880) cave H4O,. 
but this was afterwards found to be due to the use of an Impure sample 
41. Hertz (1890) found that 2 423 grams of sulphur in 100 grams of naph 

thideno lowered the freezing pomt of nephthaleno 0 641° hence show that tho 
molecular weight of sulphur under these conditions corresponds with tho formula 
7* o ^ moleoulor weight by exi>onmefat js 262, and by calculation 

XOF Off 2ou 


E Beckmann's process for tlie determmation of freezmg pomts — 
Freezmg-pomt dotoimmations are usually made m Beckmann’s apparatus. 
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Tlic tube A, Eig 91 \nlb a side neck, B, i«s ■weighed, and about 15 c c of 
the folvent are added and the tube is ■weighed again Tlie Beckmann's 
thermometer, reading to the -j-ow of * tl^grce and set so that the mercury 
IS neat the top of the scale when set for the freezing iwmt of the solvent, 
has a reading lens The thermometer T and a stirrer S are placed m the 
solvent, and the whole arrangement is -placed m n glass tube A •winch ser\cs 
as an air jacket Tins is surrounded bv a vessel D of water or pome hquid 
at a temperature about 5° below the freezing point of the solvent Tins 
vessel IS fitted with a thermometer and stirrer The temperature 
recorded by the thermometer slowly falls until the 
•olvent begms to freeze , it usually falls from 0 2’ 
to 0 9® belov* the freezing point of the solvent, and 
then begms to nse to the freezing pomt proper 
Tlie thermometer should alwajs be tapped before 
a reading is taken to make sure the mercury is not 
lagging behind The highest point reached by the 
mercury m the thermometer is taken to be the 
freezing point of the solvent Owing to undercool- 
ing, it IS sometimes difficult to start the freezmg of 
the solution In that case, a few pieces of platinum 
fpil, or a numite fragment of the frozen solvent, 
wall start the freezmg It is sometimes necessary 
to introduce a correction for imdercoohng as in- 
dicated in text-books for the laboratoi^ Each 
determmation should be repeated two or three 
times and the successive ob«ervations should agree 
withm 0 002“ to 0*003“ WTien the freezmg point 
of the solvent has been determined, add a sufficient 
amount of the substance under investigation to 
give a depression of 0 3“ to 0 5“- After the freezing 
pomt has been determined again, find the freezing 
pomt after adding a second and then a thud 
portion of the substance under investigation 

The molecular weights of substances relative to 
the weights of the hydrogen molecule have been 
determined from the vapour density determinations 
and A-vogadro’s hypothcsns Tlie osmotic pressure 
and related properties of solution enable the mole- 
cular weights of hquids and solids in solution to be 
determined. There is an extensive choice of soh ents, 
and It IS possible to utilize such wideh different solvent** hr 

mercury, ether, fused metals, etc Molten salts contafntog wJtSS 
crystallization have been used — e g sodium sulphate, KuoSO lOBLO • 
Staom oUonde, COl, OH,0 jJo, , sodiuS 

the results are similar to those obtained 



Fio 01 — Beckmann’s 
Apparatus for Freez- 
ing - point Dotcrmi 
nations 


Na,CrO^ lOE^O , etc — and 
mth water as a solvent 


agreement mth those fS^ed ^hf Method 

The resnita ate then said to ha abnomah 
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§ 9 Anomalous or Abnormal Results for the Molecular Weights 
of Substances m Solution 

When a fact appears to be opposed to a whole tram of deductions it im anabU 

S ro\es to be capable of bearing some other interpretation —^sfrlock 

[OUIES 

The meamng of “ abnormal *’ m science — ^We sometimes say that a 
phenomenon “ ought to take place,” but it docs not We have just used 
the TTords “abnormal” and “anomalous” These terms are not very 
happily chosen, and, as indicated on p 82, they are sometimes used rather 
carelessly The terms are not mtended to imply that nature is erratic, 
arbitrary, and lawless The -words simply mean that in groping for the 
truth, on unexpected result has been obtamed, winch once stood, or non 
stands, challengmg investigators to show how the unexpected should have 
been e-rpected. Some of the most treasured generalizations in science 
have been won by investigating the “ abnormal ” 

Revision of the gas equation pv = RT — ^Let us return to the gas 
equation, 

P» _ PiVl 
T ~ 

Remembenng that the density D of a gas is equal to the molecular weight 
M divided by the volume u, or, M-Dv.-m get p/TD = pJTjDi when 
M = Let M, D, and v respectively denote the molecular weight, 
density ond volume of the gas in one condition of temperature and pres 
sure , and D^, and Up the same constants for another condition of 
temperature and pressure, ne obtam, by substitution m the preceding 
equation pvJMT H we take the volume Vy at some 

standard temperature Ti and pressure ^jp the numbers p^, Vp and 2*, 
•will always have one fixed value Let B denote this constant value of 
Pi^il^i equation then assumes the form 

M 

P» = » or. P” = 

where n stands in place of the ratio of the molecular wei^ts of the gas 
in the two conditions, jlf/jlfj If the molecules of the gas neither dissociate 
nor polymerize when the condilaons change, Jlf = jl/j , or pv = BT 
because n = 1 But if the gas molecules polymenze or condense so that, 
say, two molecules combine together to form one molecule, there will be 
only half as many molecules m a given space as before , Jf = Wp and 
pv — iBT If, however, the gas ihssociates or decomposes so that each 
molecule of the gas forms two molecules of another gas or gases, then 
M = 2Jlfj, and -we have pv = 2BT Hence the ordinary gas equation 
pv = RT, IS a speaal case of the more general relation pv = nRT, 
■where the numencal value of n mdicates whether or not the gas keeps 
the same molecular concentration during the change If n = i, there 
IS neither dissociation nor polymerization , if n be less than umty, the 
gas polymerizes, and if n he greater than umty, the gas dissoaates 
when the conditions are changed 

If the molecules of a dissolved substance are the same as the molecules 
would be if the substance were in the gaseous condition, the relation 
between the pressure, temperature, and concentration -will he represented 
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by the c'tpression, -pv — nUT , or, since the concentration c is inverseh 
ns the volume, by 

t=.nRT 

G 


As before, if n bo unity, the molecules of the substance m solution and m 
the gaseous condition are piesumably similar , if « be greater than unity, 
the molecules dissociate when they pass into solution , and if n be less 
tlian unity, the molecules polymenze If no apply the uncorreoted re- 
lation, p/c = RT, it IS now easy to sec that if n be greater than unity 
(dissociation), the osmotic pressure mil appear too high , and if n bo less 
than unity (polymerization), the osmotic pressure mil appear too Ion 
When wo speak of the loivering of the osmotic pressure, ne also imply 
that the vapour pressure is increased, the boiling point is lonered, and the 
freezing point raised , and conversely, the raising of the osmotic pressure 
imphes that the boiling point is raised, and the vapour pressure and 
freezing pomt are lowered 


Abnormally low osmotic pressures— polymerization — ^Tlie depression 
of the freezing pomt of a solution of alcohol in benzene is just about half 
what we should expect if the molecules of alcohol were represented by the 
regular formula C2H5OH Tins means that the molecules of alcohol— 
C2H5OH— in benzene solutions arc doubled, and the molecule of alcohol 
IS accordingly C4Hi(,(OH)2 in benzene solution Tins phenomenon is 
common with molecules possessing hydroxyl, 1 c OH groups Formic 
— H CO OH— and acetic— CH3 CO OH— acids, and indeed water, behave 
in a similar manner, and we know that if these acids be vaporized, tlic\ 
appear to have tmee the molecular weight of what would obtain if* their 
molecules could be really represented by the ordinary formula? Other- 
wnso expressed, the molecules are polymerized It is also necessarj' to 
remember that if the dissolved substance freezes out along with the soh out 
so as to form a kind of sohd solution, the freezing point of the solution 
ivill bo lower than that calculated from the regular molecular formula of 
the dissolved substance Sometimes, mdeed, the freezing point aotiiallv 
rises There are many examples— solutions of lead, cadmium, tin, and 
gold in mercury , antimony in tin , etc 

Abnormally high osmotic pressures— dissociation —A voiy consider- 
able number of aqueous solutions of acids, bases, and salts furnish a much 
greater osmotic pressure than wo should naturally expect The deviai m l 
of a gM from Avogadio’s law is usually explained assuming that the 
molecules of the gas are dissoeiated into simpler forn/ Iodine mdecules 
L, at high temperatures appear to behave as symbolized I — T -i- T 
S ( 1887 ) soaght to extern th. dovSns of tho molUla, 

jmghte of tolte, ^ids, ond bases m oqaeoas solutions by nssunuurHmt 
the molecules are dissociated into simpler parts The moleculf>«f nf 
chlonde, for mstance, are supposed to bo dissociated ^ 

into two parts-Na and Cl The idea came a?«ise S 
tion has been raised against this interpretation of the remits becallRn^«°^‘* 
are no signs of chemical action which might bo expected if tiir. Jlu ? 
todmm chlondo wore dissooiated into No ^d « 

Accordingly, other hypotheses have boon inventod to mX ?! i?'’. 

hypothesis fit the facts In spite of tins, Arrhenius’ ^ ^ 

explains in a aidnotiye and plansible manner the abnoiSJ ^h oL°S 
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pro^surpq obtained foi these Riibstances. Tlioro is a stmnge coinoiclonee 
Arrhenius detorminetl the value of n— the numbei of molecules in the nbo^e 
equations for ninety dilTei-cnt substonees Ho noticed at onco that tin so 
mibstances could be roughly divided into two classes those which g<«o 
values of v nearly unit^ were cither non conductors oi poor oondiiotora 
of olectrioity , whereas those which gave values of n malerially greater 
than unity wore fair or good condnotors of clcctncitv In the following 
table n may bo taken to represent, wathm the hunts of ovpemncntal error 
the relative number of molecules formed when one molcoulc of t lie sub 
stance is dissolved 


TiniF VIII— Konwi A\n AnsonMir Osmotic Piirssinii-s 


Non conductors 

Conduct on 

Substances in solution 

1 

j SiilislnnoM in solution 

!» 

Afotlivl alcohol 

0 1)4 

[ 

Cnlciiim nifnito 

I 2 

Mannite 

0 07 

1 Magnesium Hulplmte 

1 1 26 

Cano sugar 

1 00 

btruntium chloniln 

! 2 00 

Ethyl acetate 

0 00 ; 

1 Potassium chloride 

, 1 81 

Acotnmfdo { 

1 

0 06 1 

i 

1 I ithium elilondc 

1 

|102 


AVo naturally inquiro AAHiat connection, if nnj, subsists betwern flip 
alleged dissociation of the molecules of a substance in a solution and tho 
conduction of electricity ? How con one molecule of sodium clilondi 
one molecule of litluura chloride, and of hydrogen chlondc, each furnish 
what appears to be two molecules when dissohcrl in water ? 


Questions 

1 An aqueous solution of LiCI containing 8 R grams in 1000 c o , lioils nt 
101 07* C (700 mm ) AVlint is tho poroontngo dissociation of tho I,iC3 t (Atoiiiio 
weights Li = 7, Cl = 3S C Iholoculorroisingof lioiJingpomt of water =■ 0 OJ* C ) — 
Worcester Polyleohnxo Inst , U S A 

2 7 20 grams of a substance diwohod in 100 grams of water ga\o rise to nn 
osmotic pressure of 0 06 atmospheres nt 22° Cniciiinto tho molecular weight of 
tho substance —Sheffldd Vmv 

3 A solution of 0 3 grams of a non-eloctrol jdo in water, total \ohimo 1000 c e , 
freezes nt - 0 270° 0 iVlint is tho molecular w eight of tho substniico in solution t 
(Moleoulnr lowering of tho freezing point of waters 18 0 1 — IForccstcr Pahitechnio 
Inst , U S A 

4 AATint IS meant bj tho term osmosis 7 Dcsoribo o\noth whnt happens 
wlien a >os3ol with a sonupomioahlo wall contnming a solution of sueh a sub 
stance as sugar is placed m pure water Whnt is (a) tho effect of increasing the 
strength of the sugor solution , and (6) tho effect of raising tho tomperaturo 
of the whole apparatus 7 — Untv North 11 ales 

Wliat do you understand bj the expressions “ ndditiso ’* " conslitiitii e," * 
and ‘ colligativo ” 7 lUustrn^ your answer bj oxnmplcs — St Andreus Vn» 

6 How have the freezing points of dilute solutions been oxacth obscricd T 
Wlint IS tho bonnng of these obscr\ alioiis on chdimcnl tlioorj ? — New Zealand 
Vmv 


1 CoKSTiTUTivE PaorESTiES hn\o not vet been discussed In these the 
prepondorntmg factor is tho mode of groupmg of tlio atoms wathin the molecule 
hixnmples will be indicated later — see “Isomerism ’’ 
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7 TIio frconiig point of an aqueous solution w — 1 5® C Find tlic rolativo 
lowering of the \tijK>ur pressure of the solution (The molecular depression for 
water 18 18 70) — St Andrews U»tv 

8 Dcsoribe some c^eriment slioning the phenomenon of “ osmotic prc'^surc 
Bv what means has a rolation boon observed between the molecular weight of 
certain soluble substances and tho osmotic pressure which they are supposed to 
exert J Jf tho lower part of a U-tubo bo filled with a solution of sugar, and 
then pure water bo gently poured into one limb so that tho upper surtaco in ono 
limb IS pure water, and in tho other limb is a solution of sugar, is osmotic jircssuro 
exerted, and if not, uhy not ? — A'cto Zealand Umv 

0 What do jou understand by tho term “osmotic pressure ’ 7 Describe 
111 outline any two processes, one direct, tho other indirect, for mcasuiing osmotic 
pressure Explain carefully how tho molecular u eight of a Bubstanco m solution 
can bo determined when tho osmotic pressure which it sets up is knomi — Hoard 
of Educ 

10 AVhat 18 osmotic pressuro 7 Has this nn> connection with tho pressure of 
a gas 7 Alcohol is said to bo normal ih regard to its vapour pressuro and its 
osmotic pressuro , aininonium chloride has an abnormal vapour pressuro and 
osmotic pressuro Explain tho inoanmg of tlio terms normal and abnormal used 
here — Sydney Umx' 

11 Explain how it is that vegetables will cook faster when boiled in a con 
centrated solution of salt than when boiled in u atcr alone 

12 Desenbo tho oiTccls produced by soluble and insoluble subsltinccs on tlio 
boiling and molting points of water What explanation of tho diffcroncps 
observed when common salt and sugar arc respectively dissolved in sutFcicnt pure 
water to form dilute solutions of the samo molecular concentration 7 To what 
other properties of solutions docs this explanation apply 7 — Panjab Univ 

13 Explain tho principle of Baoult’s mothod of determining niolcculaf weights 
bv observation of tho froonng point Give some account of its applibalions, and 
tho chief results obtained — l^ndon Vmv 
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ChLORWE and HiDROGEN CHLORIDE 
§ I The Stassfurt Salt Beds 

Tiu. remarkable deposits of potassium, magnesium aud sodium salts in 
the couiitiy around fetasafurt, m Prussian Saxony, may bo very roughly 
divided mto four strata, illustrated diagrammatically m Fig 02 


I Surfaco eoU 
Clay shales 
Rock salt 

Gypsum nud unity tlrile 
' (4) Cnrnallltc bed 
, (d) Kleserite bod 
I (d) Folyliallto bed 
! (1) Rock salt bed 



in. OJ — Diugratnniatio Geological Section of a Part of tlio Stassfurt bait Bod 


(1) Roch salt bed — An immense basal bed of rock salt, broken up at 
fairly regular intervals with 2 to 6 mch bands of anftydnfc— CoSO^ 

(2) Polyhalite bed — Above the basal salt is a layer of rook salt, some- 
times 200 feet tluek, mixed ivith bands of magnesium chloride and 
j>ohjhalUe—2Cr&0^ MgSO^ K 2 SO 4 2 H 2 O 

(3) Kiesente bed — Restmg on tho'iiolyhabte bed is a layer of rook salt, 
sometunes 100 feet thick, mixed with layers of faesertfe— MgSO^ H^O— 
and other sulphates, about 1 foot thickness 

(4) GamalhU 6 ed— -Fmally comes a reddish layer of rook salt asso 
dated ivith masses of feitni/e— KoSO^ MgS 04 MgCa, 6 H 2 O , camaHife— 
KCl MgCl^ OH^O , and a few other salts of magnesium and potassium, 

, syfwne— KCl ond Zcoinfc— MgSOj K 0 SO 4 4H,0 

These deposits are capped by layore of gjiisuni— CaSO* 2HjO— and 
anhydrite CaSO^ , rock salt , hunter clay shales , and finally the surface 
soil In addition to gypsum (CaSO^ 2H„0), anhjdnte (CiSO-), and rock 
salt (NaCl), the principal salts found in the Stassfurt deposits are 


S\lvmo 

Ciimollite 

Kicscnto 

bcliUnito 

Kainito 

Poly halite 


KCl 

KCl JfgCl- OH-O 
MgSOi U-O 
MgS04 K.SO, flH.O 
MgSO, K-SOi McCl bH-O 
MgSO, K-bOi 2CaSOi SH-O 
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With sc\ oral other salts of lesser importance, eg, abtraluvilc (Xa_EO^ 
ilgSO^ 4B:nO) , boraciic (2Mg3B80i5MgCU) , {7?n«6cnte (Kao&O^ CaSO^); 
?conifc {Mgb04JKoS0^4H20), etc 

History— In the thirleentli centuij salt springs— called “soot — 
were well known m the region of Stassfurt, and a certain amount of s.ilt 
— sodium chlonde — ^was obtamed from them, but the springs were 
abandoned when rock salt ivas discovered m other parts of Germaiij 
About 1840, bonngs were made m the hope of finding deposits which 
would give a good quabty of salt, and about ISoO, shafts w ere sunk, and 
rock salt mined The matenal excavated with the rock salt was rejected 
as worthless, and called Abraumsalze — 

German AbraJim, refuse; Salze, salts 
As a result of the mvestigations of Rose 
aud Rammclsberg, the Abraumsalze were 
iccogmsed to be a valuable source of 
potassium and magnesium Processes 
were then devised for the extraction of 
the potassium and magnesium salts with ^ 
the result that the rock salt became of ^ 
little value, and the Abraumsalze became to 

of primary importance A Prank erected 
the first works for the extraction of ^ ac 
jiotassiuni clilonde m 1861, and an im- ^ 
portant industt^% controlled by tho 
“German Kah Syndicate,” has been 
established Tho Stassfurt salt deposits 
ha\c been the subject of cLi borate m- $ 
vcstigations bv J H. van’t Hoff and his § 
pupik in the bght of the phase rule of 5 
J W Gibbs ^ 

Crystallization of salts from mixed ^ 
solutions — The simple casis of tho 
crystalhzation of a solution saturated 
with but one salt was discussed on p 
23, and of solutions of two salts which 
do not react with one another, nor form 
hj drates, was discussed on p 170 Tlic 
phenomenon is more complex when the * 
salts present m the solution form a Sok 
senes of hydrates, or when tho salts 
can react with one another to form double salts A solution of potassium 
chlonde and magnesium clilonde not only furnishes crystals of ma*r. 
nesium chlonde, MgCl, of potassium chlonde, KCl , but also 

crjstals of the douole salt, KCl MgCk CBUO—camaUite Rcfcrnne to 
Pig 93, the hne AB represents the effect of additions of pota4ium 
chlonde on the amount of magnesium chlonde required to form a 
saturated solution at 25“ Tho solubilities are here expressed m terms 
of gnim-molecules of HlgCI^ and of K,GL, per 1000 c c * The line BO 



Cram Molecules ofJfzOi per litre. 

3 — Solubilities of Magnesium 
Potassium Ghlondcs in ^^fixcd 


* “ K^Cl ” w written in nlitco of “2KC1” witlioiit n i 

molecule of jioUssium chlondo is K-Cl, Tins is dono to keep ccjxl alLit iniScidM 
of magnesium and potassium chlorides us unite for onliuatos and abaoiM* 
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represents the amount of camaUite in a saturated solution as the 
amount of potassium chloride is increased , and the line CD represents 
the amount of potassium chloride in a saturated solution as the amount 
of magnesium cUonde is uicreosed. 

All solutions represented by poults on the hues ABGD arc saturated 
■with one of these salts If therefore we start wnth a solution contaming, 
say, 20 gram-molecules of magnesium chloride, and 40 gram molecules of 
EoCL, per htre, the composition of the solution ■vnU bo represented by a 
point P on the diagram Crystals of potassium chlonde ivill be deposited 
until the composition of the solution is represented by a pomt Q on the lino 
CD, that IS, potassium clilonde will be deposited until the solution con- 
tains 20 gram molecules of magnesium chlonde, and 34 of E^Clo per htre 
If the solution bo concentrated by evaporation at 26°, potassium chlonde 
will continue separatmg until the composition of the solution can be repre- 
bcnicd by a point C, that is, until the solution contains about bj graln- 
niolcculcs of IL CL , and 72^ gram-molecules of MgCL per htre If the 
mother liquid bo stiU further concentrated at 25°, crjstak of catnaUite and 
of potassium chlonde inll separate until the concentration of the solution 
IS represented by a point B, correspondmg with one gram molecule of 
KjClj, and 105 gram molecules of MgCL Any further concentration of 
the mother hquid will lead to the separation of magnesium chloride and 
cam ilhte m constant proportions until the solution is dry 

If the tenipcrature at which the ciystak are removed be different, 
different results will bo obtained, beoauso of differences in the solu- 
bilities of the different salts at varjing temperatures, the formation of 
hj drates at temperatures aboi o or below transition pomts, etc The samo 
jimioiplcs obtain oicii with still more compheated evamplcs, say i 
iiiixturo of potassium chlondo and magnesium sulphate, wliero we haro 
the reaction, 2KC1 + Mg&O^ = MgCl, -f KjSO^ This solution may lead 
to the separation of ci^stals of imtassium clilonde and sulphate, 
magnesium clilonde, two hj drates {“6H3O” and “7H2O ”) of magnesium 
sulphate , camnlhte , and schomte — ^K2S04 MgS04 GHo’O 

Ongin — ^It IS generally thought that the Staskurt beds are of manuo 
ongm, and have been formed by the natural evaporation of water, dunng 
countless years, m an inland prehistoric sea The sea must have been 
periodically replenished by water brmgmg m more salts The order m 
w hioh salts arc deposited from the evaporation of sea- water is verj nearly 
the same as the geological succession observ ed at Stassfurt Neglecting the 
calcium sulphate, the evaporation of sea water furnishes successiTBl3 
(1) a deposit of sodium chlonde , (2) sodium chlondo mixed watli 
magnesium sulphate , (3) sodium chlonde and leonite , (4) sodium 
chlonde, Icomte, and ■potassium chlonde, or sodium chlonde and kainite , 
(5) sodium chlonde, laesente, and camalhte, (6) sodium chlonde, 
lacseritc, camalhte, magnesium chlondo , and (7) the solution dnes 
without further change 

Uses — ^The Stassfurt salts furnish magnesium salts which are used for 
the preparation of nnlgncsium and its salts The potash salts are largely 
used ns manures m agnculturo , and the potassium chlotide is used as a 
basis for the manufacture of the many different kinds of potassium salts 
used in commerce — carbonate hydroxide, mtrato, chlorate, chromates, 
alums, ferrocjamdo, cyamdc, iodide, bromide, etc. Chlonile and bronune 
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ire obtained from the mother liquids by eleotroU t^atid 

Bono acid and borax are prepared from boracite. J' Ca?aum and nibidium 

ere recovered from emde camallite and sj Ivino 


§ 2 Sodium and Potassium Chlorides 

Sodium cblonde commonly called “ salt,” is considered to be an 
essential constituent of animal food One imtcr estimates that about 
29 lbs. of salt per bead of population per annum is used direct h’ or inuircctlj 
wtb the food for man The 0 1 per cent of bj drochlonc acid present in 
the castnc and mucous fluids of the alimentary canal is denved from tlie 
decomposition of the salt taken in mth the food Plant-eating aniinalp 
get the salt thev require from grass and leaves , herbivorous animals have 
been known to travel hundreds o£ miles to a “ salt-lick ( salt spring ) 
m order to satisfy their craving for silt Carnivorous animals get their/ 
salt from the blood of the animals on winch they feed 

The occurrence of salt —Rock salt occurs in transparent or trans- 
lucent cubic crystals, either colourless or varying in tint from vhitc, to 
dirty grey, to yellow, to reddish yellow , and sometimes blue or purple. 
It IS sometimes called hnlite Rock salt is found in Nantwicb, Norlhmch, 
Middlewich (Chcslure) , Droitivich^ (Worcestershire) , Sta'i'^urt (Pruraian 
Saxony) , Cardona, Castde (Spam) , California Utah, Kansas, New York, 
Virgima, Ohio, Hiclugan (United States) , and numerous other place's. 
The mmes at Wiehcza (Gahcia Austm) have been worked continuoiiMj 
for 600 years The salt deposit is said to be 500 miles long, 20 miles 
broad and 1200 feet tbek. The gallenes and chambers m this mine 
extend over 30 miles m length and yield 55,000 tons per annum A 
comparatively large amount of salt is dissolved in seawater, and in 
the water of many salt spnngs, and salt veils Tlic water of the 
Mediterranean Sea, for instance, contains 3 37 percent of solids m solution 
On evaporation to diyness, the residue contains 77 0 per cent of sodium 
cblonde , 2 5 of potassium cldonde , 8 8, magnesium chloride , 2 8, calcium 
sulphate , 8 3, magnesium sulphate , 0 1, magnesium and calcium 
carbonates , and 0 5 jier cent of a mixture of soihum and magnesium 
bronudes 

The separation of salt from sea-water — Countnes not supplied 
with rock salt must either import salt from more favoured countries, or 
resort to the concentration of sea-water, or the "water of salt qinngs 
Evaporation is not an expensive process m warm countnes, or -nherc coal 
IS cheap, egr on the shores of the Mediterranean Sea the sea-natcr is 
concentrated by evaporation in large shallow tanks — “ salterns ” — exi>osed 
to wmd and sun As the solution — “ hnne ” — becomes concentrated, the 
crystals of salt which separate are lifted out by means of perforated 
shovels, and allowed to dram beside the evaporation tanks Tlie mother 
hqmd — “ bittern ” — ^\ras once used for the manufacture of bromme. In 
cold countnes, eg an. the shores of the White Sea (Russia), the sea-water 
IS concentrated by freeang (p 161) Ice first separates , and the residual 
brme is further concentrated by evaporation over a fire 

The purification of rock salt — Rock salt is often nuned by bnngmg 

* The names of these localihes indicate the antiquity of the salt indnstrv since 
m Saxon times, a place where salt was dug was called a “ wich ” ' 



228 


MODERN INORGANIC CHEmSTRT 


the sohd salt to the snrface in Inmps In some salt beds, the salt is mined 
by foroing -water mto the beds via a well made for the purpose Hie bnne 
IS afterwards pum-ped to the surface, and the liquid concentrated in 
salterns , or by alloinng the solution to trickle from elevated tanks over 
neks of brushwood — “graduators” — so arranged that the solution is 
fully exposed to the prevailing mnds The hquid may bo afterwards 
concentrated by evaporation m shallow pans heated artificially, particularly 
if fuel IS cheap As the salt crystallizes out, it is removed by means of 
perforated shovels If much calcium sulphate bo present, it -will separate 
first It must therefore bo removed before the salt The potassium and 
magnesium salts separate last If fine-gramed “table salt” is needed, 
the brme is evaporated rapidly near its boding point , but for the manu- 
facture of coarse gramed “fish salt” the evaporation is conducted slowly 
at a comparatively low temperature (46°) so ns to get the salt m compara- 
tively large crystals The salt obtained bj the evaporation of sea water 
■will be contaminated with small quantities of other salts as impurities 
calcium chloride, magnesium chlonde, calcium sulphate, and magnesium 
sulphate Cheslure salt, for instance, contains about OS 3 per cent of 
I sodium chlonde , the rcmaiiung impunties arc mamly msolublc matter, 
i calcium sulphate, and magnesium and calcium chlondcs 

The extraction of potassium chlonde from camallite — ^Potassium 
chlonde occurs os sylvme — ^KCl — in the Stassfurt deposits, and associated 
with magnesium chlonde in camaUitc Potassium chlonde was formerly 
obtamed from sea water, but much of the potassium chloride of commerce 
IS now made from comalhte — KCl MgCl, OBUO — of the Stassfurt deposits 
The crude oaraalhte contams about 61 per cent of camalhte, 26 per cent, 
of laeserite, 12 per cent of rock salt, and 2 per cent of anhydrite and clay 
This salt IS crushed and digested m large tanks -with the mother liquid 
left from precedmg operations. This hquid contams chiefiy magnesium 
olilonde The mixture is heated by blomng steam mto the hqmd. Tlio 
potassium chlonde readily dissolves in this hqmd, -nhilc most of the sodium 
chloride and magnesium sulphate, associated mth the crude camalhte, 
romam as an msoluble residue The hquid is allowed to settle for an 
hour, and then decanted into large iron vats, where crystals contammg 
04 to 69 per cent of potassium chlonde are deposited The impunties 
are mainly sodium chlonde (20-22 per cent ), magnesium chlonde (7 6- 
8 5 per cent ), and 0 4 per cent of magnesium bromide and calcium 
sulphate The prmciple underlymg the process inll appear from the 
study of Fig 93 The crystals of potassium chlonde so obtamed arc 
-washed m cold water so os to remove the more soluble sodium chlonde 
This process yields a product contammg 84 to 98 per cent of jxitassiani 
clilonde, accordmg to the number of washmgs The further purification 
of the salt mvolves a re solution and re crystallization The mother 
liquors are washed up for more salts, and finally used for the extraction 
of a fre^ lot of crude camalhte 

The piiniication of sodium and potassium chlondes — Sodium os 
well as potassium chlonde can be purified by addmg concentrated hydro- 
chloric acid to a cold concentrate aqueous solution of the respective 
salts , better results are obtamed by passmg gaseous hydrogen chlonde 
tlirough the salt solutioms The impunties remain in solution while the 
dilorides are precipitated m a very fair state of punty. 
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Properties. — Both chlorides crystalhze m cubes, and the two salts 
are isoniorphous The ciystals are anhydrous. A httic vatcr may be 
mechanically entangled \nth the crystals, irhich causes the paltc: to decrepi- 
tate when heated- Sodium chlonde melts at 801°. and potassium chlonde 
is said to melt at about 790°. Both salts subhme at higher temperatures 
"Without decomposition. Sodium chloride boils at about 1750° The 
solnbihties of the two salts m water "were discussed on pp 159 and 171. 
A comiKinson of the related chlondcs of lithium sodium, potassium, 
rubidium, and caisiuin, shows 'that they all crystalhze in cubes "v^hen 
anhydrous — Fig. 61, left Their solubilities, expressed m grams jicr 
100 c c of -water at 15“ are : 

Sodium Potsssium PuDidtum C'enum 

80 36 33 4 80 "v cry high 

and the solnbihties m alcohol follow the same rule, sodium and potassium 
chlondes bemg almost insoluble m alcohol I 

Composition. — The comiiosition of both salt' has been established m 
the same maimer By analysis, J. S Stas found sodium chlonde contauied ’ 
39 39 per cent of so^um, and CO 61 per cent, of chlonnt Hence aftr r 
di\*ision by the respective atomic weights of these elements, ^\c get the 
atomic ratio Xa Cl = 1 : 1 cortesiionduig "with the formula (XaCl),, 
W. Xemst (1903) found the vai>our densities of both s*jduim and ' 
pota^um chlondes at 2000° corresponded respcctnelv -mth the fonnuUe * 
XaCl and KCT 

Uses of sodium chlonde— Salt is u^ed for seasomng food— tabic 
salt Salt for table use should be free from magnesium and calcium 
chlondes, for these substances make salt vert dchquesccnt — ^particularK 
m moist weather Salt is abo used for preserving meat, feh, etc- , in tlio 
manufacture of sodium salts, soajK etc ; in glazmg common potterv— 
dram pipes some sanitarj goods, etc — ‘ salt gHzc *’ ; and also m the 
manufacture of chlonne compounds, directly or mdirectlv. 


§ 3 Hydrogen Chlonde — ^Preparation and Properties. 

Molretil«r ucicht. HCI = 36 47. melting point -112*/- Win" noim 
ijetw^en —83 and —84 , cntical tempr'ratun* -52 3“' Tanour dcn«it\ rH^*>V 
36 49 (air = I) I 269 One litre weiSis 1 641 uad^ noS 

Speoifie gra%t*y of Lquid, 0 SOS at 0’ ' ^ noriMi condition'. 

Preppation — WLen sodium or potaisium chlonde is treated inth 
^nn dilute sulphunc acid (1 * 1) m a flask (Fig. 94), a cas is mven off 
ne IS very solnble m water and it cannot be wllected ovS water' 
hut It can be coUected over mercury. In general laboratorv work, it is 
often c<mvement to collect relatively heavy gases by the upwid disolace 
ment of air. The gas was once caDed the “ sumt of -Jdf ” ^ 

caQed “hydrogen chlonde' and sj-mbolized “HCl ” The rcachon'^is 
represented : JBb>0^- XaCl =XaH.SO, -f HCL The uas Tin i 

T^age threugh wa^h-bottles contairang concentrated sulphuric acid H 
the concentrated acid U emploj cd with an excess of sodium chlonde it j. 

.. 2 \aoi — .Na^o Uj — JUCl The same uas ic nffr*. ' 

tory at ottSE^ temperatures bj mixm| t^centmted d^moic^md 
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■with an n^ny-a nf sqgiiitn_Qr AiiiniQntiini^plilnrftl p. and droppuig conccntrvlcd 
aulphu nb acid from a tap fuilncl into the mixture, as indicated m Fig 47 
Properties — Hydrogen chloride is a colourless gas i\hich imtatcs the 
mucous membrane \rheti inhaled It forms dense fumes in moist air 
The gas is mcombustible, and a non-supporter of combustion Hydrogen 
chlonde is extremely soluble in water 1 c c of water at 0® dissolves 
625 c c of the gas , and at 20®, 440 c.c T he heat of solution is JRCM- 
Aq = HClac| + 17 4 Cals. The aqueous solution is strongly acid, and is 
caliecl “ hydinclilorib acicf,” “ spints of salt,” or “ muriatic acid *’ — ^from 
the Latm muna, brine Hydrogen chlonde partially dissociates ihto free 
chlonne and hydrogen at about 1600° 2HC1 ^ Hj -j- CU. Hydrogen 
chlonde is casfly condensed to a colourless hqmd by pressure At 10° 
a pressure of 40 atmospheres will hquefy the gas, and at —16®, 20 atmo- 
spheres suffice The hqmd boils at —83 7° under ordmary atmosphenc 
pressures The hqmd freezes to a white crystalhne mass melting at —112 5® 
The hqmd does not act on many metals which are vigorously attaoked^by 
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Fig 04 Fre^ration of Hydrogen Fio OC — Freezing point Curves of Mix 
Chlonde tures of Hydrogen Chlonde and Water 

the aqueomi solufaou of liydrogen chlonde Neither the dry hqmd nor 
tEcTdry gas acts on blue Litmus. 

The freezing temperatures of aqueous solutions of hydrogen 
chloride. ^The freezing temperatures of aqueous solutions of h 3 drogen 
chlonde of different concentrations have been detenmned for solutions 
contaimng less than 67 per cent of hydrogen chlonde, as shoivn m Fig 95 
F F Rupert (1909) Startmg with pure water, the addition of hydrogen 
chloride steadily depresses the freezing point to the eutectic tempera- 
ture— 86°, AB, when the solution contams 26 per cent of HCl Further 
additions of hj-drogen chlonde raise the freezmg temperature, BO, up to 
—24 4®, when the mixture contains 40 3 per cent of HCfl, and thus corre- 
sponds with the tnhydrate— HCl SHgO Continued additions of hydrogen 
chlonde depress the freezmg pomt curve, CD, to a second eutectic —28®, 
and thou raise it, DE, to a second maximum, —17 7®, corresponding uith 
5031percont of HCl,thatis,withthedihydrate— HCl 2H„0 Thofreezing- 
point curve agaan descends, EF, to a third eutectic, —23 6®, with increasing 
concentration, and rises, FG, to a third maximum, —15 35°, when the 
solution contams 66 9 per cent of HCl, corresponding wth the monohydrate 
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— ^HCl HoO With mote concentrated solutions, the liquid separates into 
two layers on cooling The first eutectic is concerned inth tlie system 
HgO HCl SHjO , tho second eutectic with the two hydrates HCLSHoO : 
HCl 2HoO , and the thud eutectic with the ^stem HCl 2H2O HCl H^O 
Each of’ these three systems behaves like ice and bnno mdicated in Fig 
54 The three maxima thus correspond uith the three hydrates HCl SILO ; 
HCl 2H2O , HCl HoO All three hydrates have been isolated in the form 
of white crystallme solids Tho e’sistonoe of an octohydrate — ^HCl SHjO 
has been inferred from the heat of solution of hydrogen chlonde in vater, 
but it IS quite an imaginary hydrate, for it has not been isolated If it 

I does exist, its presence is not indicated on the freezing point curve Fig 95 
The freezing or melting point curve of a mixture of two (or more) 
substances is often 
sensitive enough to /^qo 
demonstrate the most- 
ence of the more stable 
compounds, but it is /^qo 
Itoo rough and inaccu- 
I rate for the less stable 
1 compounds Novorthe- ^ 
less, this method of i 
investigating stable hy- ] 
drates has been applied to 1 
ammoma, feme chlonde 3 
hydrates, perohlonc acid, | 
snlphunc acid, nitnc | 
acid, etc , and it has J 
important apphoations I 
in metallurg}’’ 

The effect of hydro- -/O0° 

gen chlonde on the O ZO 'fO 60 SO /OO 

vapour pressure of np „ 1 

water— The effect of joints of Aqucoiw Solutions of 

hydrogen chloride on ^vdrogon CMonde 

the boding pomt of water is illustrated by tho curve. Fig 90 If 

ccTHate Zted containing more tlfan 20 24 per 

crat HCl be heated, hydrogen chlonde with but little water is cnen 

sotabon bcoauroaiuto acid contomuig 2024 cent of* Hn^d Tl’ 

“ ao.dconta,Lg «or20 25S2l,^ ““j 
Hd be boded, water accompamed by a little bvrlrfi»r.n nUiL i 
off, the boding pomt of the solution graduaUy ns^^ anf ^^^^ 
at the same time becomes more concentrated until 
oont HCl. „ho„ tho ao,d d^ ovor 

the maximum boding pomt of hydrochloric acid at ^ 

Smular phenomena occur inth nitric and with sevcral^ther n 

was once thought that the acid which corresponded with tho maxiinuS 
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boiling point lyas nn ootobydrate — ^tliat is, i chcinioal compound of 
liydrogen oblorido and ivatcr — ^HOSHoO, but since the coin]X)si( ion of 
the constant boding acid vanes with the pres.suro,* and sineo compounds 
do not usuallj' vary in composition witli clinnges of pressure, this 
hypothesis has been abandoned ^ With solutions of oxygon, ammonia, 
hydrogen, and nitrogen m water the more volatile constituent loaves 
the solution before all the boiling water has evaporated) 

Fuming liquids — Since concentrated aqueous solutions of hydrogen 

I ohloiide have a vapour pressure greater than water, wo can see a reason 
for the fuming of liydroohlone acid in air Wo know, of course, that hot 
water “ fumes ” in air booause the cooler air in the vicinity of the hot 
water is quickly saturated with water vapour Water at ordinary tem- 
Iperatures does not fume because it cannot give off more vapour than the 
jair at the same temperature can retain Concentrated hydrochloric aoid 
J fumes because the vapours which are given off unite wath the aqueous 
ivapour m the atmosphere to form an acid with a larger vapour pressure. 
jConsequently, the air m the vicmity of the concentrated acid is very 
‘quickly saturated with respect to the vajiour of the new acid which is 
^formed The new acid, m consequence, condenses to mmutc globules 
'^of hqmd which appear as mist Bilutc acids do not fume because any 
jVapoura which they give off do not form a liquid \nth a greater vapour 
tpressuro than water Hence, only those suhstanccs fume which give off 
.Vapours which unite ivith water to form a mixture or a compound with a 
‘greater vapour pressure than water 

The formation of chlorides — ^Thc aqueous solution of hydrogen 
ehloiido dissolves manj metals, fo/ming chlorides and liberating hydrogen, 
eg Zn + 2HC1 = ZnCl^ + H, '^Zine, magnesium, iron, alumimum, and 
tin are readily dissolved by cold dilute acid — the action wath aluminium 
and tin is, however, rather slow in the cold, but much qmcker in hot con* 
centiatcd aow ( Morenry, silver, g old, a nd p latmum are not dissolved Jiy 

jlsoIycdJnJiho-coliLdiluto 

a oicl^ unless ovposed to th^air, when the action is very slou^ thes e 
are only slowly attacked bj the hot concentrate acid I Hydroolilorio 
acid leaots wath oxides, hydroxides, and carbonates producing the corre 
spondmg chlorides ]\Iost of the chlorides are easily dissolved by water 
In qualitative analysis, it is usual to divide the metals into two groups 
those wath soliiblo and those with insoluble cliloridcs The “ insoluble ” 
chlorides are silver, moroiirous, cuprous, aurous, thallous, and lead 
chlorides Lead chloride is, however, appreciably soluble m cold water, 
and much more soluble in hot water It tlierofore occupies a position 
midway between the soluble and “ insoluble ” chlorides The chloride 
IS often more readily volatile than many of the other compounds of a 
given metal 

Manufacture of hydrochloric acid — ^Hydrochloric acid is obtamed os 
a by product m the manufacture of sodium carbonate from sodium chloride 
111 the first stage of the process, sodium clilorido is treated watli sulphuric 
acid, and the gas which is evolved is passed up stone towers filled with 
lumps of coke down which a stream of water trickles Tlie water absorbs 
the gas and is collected in suitable receivers at the base of the towei 

I For inatanco, at 100 mm pressuro, tlio maximum bmlmg point w nearly 
02°, and the constant boihng acid contains 22 8 per cent HCI 
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Commcroml hydrochloiic acul may b(? contaminated with fcriic chlorido, 
free chlorine, sulphurous and sulphuric acids, aisenic clilondo etc ihc 
first named impurity gives commercial hj drooiiloric acid its ycllOM coloui 

Uses —Hydrochloric acid is used m the manufacture of chloiine, m 
dyeing, calico printing, the manufacture of colours, phosphates, and as a 
general laboratory reagent A oarboj’’ of the acid (qi gr 1 16) holds 
about 112 lbs — ^the commercial acid sells at about 8s per cu1: , and tlie 
' pure acid" at about 21rf per lb pre-war prices 

History — Judging from tlio imtings attributed to Gebcr, bydrocblonc 
acid was known to the early Arabian chemists , but the preparation of Iho 
pure acid—spinltis safts— seems to have been first described by Basil 
Valentme (1644) The acid appears to have been made bj' distilling a 
mixture of common salt and green vitnolfforrons sulphate) J R Glauber 
(1648)de8cnbed the preparation of the acid by the action of sulphuric acid 
on rock salt Stephen Hales (1727) noticed that a gas very soluble in w ater 
was made by heatmg sulphunc acid with sal ammoniac (ammonium 
chlonde), and J Priestley about 1772, collected the gas o'vcr mercuij' — 
Priestley called the gas wonnc-acid flirin reference to its mode of formation 
from sea silt 

§ 4 The Action of Oxidizing Agents on Hydrogen Chlonde 

The action of oxidizing agents on hydrogen chloride or hydroohlono acid 
18 very interesting For instance, K- W »Scheole (1774) found that when 
hydrochlonc acid is heated wthHhangancso dioxide, a yollowisli given g.is, 
soluble m watei, is given off Soheolo considered the yellowish-grcen gas 
to be muriatic acid freed from hydrogen (phlogiston), that is, m the language 
of his time, “ dephlogisticated niunatic acid ” A L Lavoisier (1780) nanu d 
the gas oxymunatic acid, or oxygenated munatic acid, because he con- 
sidered it to bo an oxide of muriatic (i e hydrochlonc) acid , and, consistent 
with Ills oxygen tlieorj' of acids, p ISO, Lavoisier considered muriatic 
acid to he a compound of oxygen wath an hypothetical munatic base — 
ninnuni Hence, added Lavoisier, muriatic and oxymunatic acids aio 
related to each other like sulphurous and sulphunc acids This certainly 
seemed to be a most plausible explanation of the reactions Lavoisici’s 
liypothesis was supported by an observation of C L Bortliollet (1786), 
who noticed that an aqueous solution of oxymunatic acid, when exposed 
to sunlight, gives Off bubbles of oxygen gas, and forms muriatic acid 

J L Gay-Lussac and J Tlienard (1809) tried to deoxidize oxymunatic 
acid, BO as to isolate the hypothetical “ munatic base ” of Lavoisier, by 
passing the dry gas over red hot carbon, but when the carbon w'as freed 
from hydrogen, the attempt to separate fiom oxymunatic acid anything hut 
itself was a failure BHule favourmg Lavoisier’s hjTpothesis, Gay-Lussac 
and Th^nard added “ the facts can also bo explained on the liypotliesisi^^ 
that oxymunatic acid is an elementary body ” Here, then, are two ri\al 
hypotheses as io the nature of mg^munatic acid— the yellowash green gas 
discovered by Schcele ' ° " 

In 1810, H Davy tried, without success, to decompose oxymunatic 
acid He found that when hydrogen chlonde is heated with metallic 
sodium or potassium, the metallic chloride, and hydrogen are formed but 
ncithei water noi oxygen is^ obtpnied Davy claimed that Scheele’g 
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IS an expression of the facts, ■while Iiavoisier’s tlieorj, tliongh “ beauti- 
ful and satisfactory,” is based upon a dubious hyiwthesis Tlie definition 
of an element (p 12) ivill not xiermit ns to assume that o-Kymumtio 
acid is a compound, because, m spite of repeated efforts, nothing simpler 
than itself has ever been obtamed from the gas In order to avoid the 
hypothesis imphed m the term “oxymunatio acid,” H. Davj proposed 
the alternative term “ ohlorme ” and qnnbol “ Cl ” — ^from the Greek 
(chloros), green The term “chlonne” is thus “founded upon 
one of the obvious and charactenstic properties of the gas — itsjsoJour ” 
Lavoisier’s hypothesis died a hugenng death, and Dave’s ■view is now 
generally adopted. Accordmg to Davy’s theory, Beithollct’s observation 
IS explamed by the equation 2H;0 -j- 2CI2 = 4HC1 -j- Oo , that is, the 
oxygen comes from the water, not from the chlonne Similarly, the 
formation of ohlorme by the action of o'ndizing agents upon lij drochlonc 
acid IS due to the removal of hydrogen from hydrogen cldondc In 
symbols 4HC1 -{-02 = 2H2O -{- 201, 

§ 5 Chlonne — ^Preparation 

Atoimo weight, Cl = 35 46 { molecular weight Cl- = 70 tIS Generally uni 
valent, occasionally quinque and scptnalent Melting point —102°, boilmg 
point —33 8°, critical temperature -{-140° Relative vapour density (H-=2) 
71 63 , (air = 1) 2 49 One litre woiglis 3 23 grams under nortnol conclitionn 
Specific gmvuty of hquid at 0°, 1 47 

Ohlorme gas is usually obtained, as mdicatcd above, by the action of 
oxidizmg agents — ^manganese ^pxidc,_ lead dioxide, banum dipx jdc, 
pot^ium diotoom^tCj potnssmm 'permanganate etc — ^upon hydrochlonc 
acitf” 6cTieele^'*€he'discovercr' of chlonne, used a mixture of manganese 
dioxide and hydrochlonc acid, a mixture of sodium chlondc, sulphuric 
acid, and manganese dioxide may also^bo used- The mixture is heated 
in the apparatus illustrated in Fig 94. |T1io action m both coses depends 
tipon the formation of manganese triclilondc, and the simultaneous 
oxidation of the hydrogen of hydrogen cldondc 2]\In02 -f SHCl 4H2O 
-{- 2MnCl3 + CQo When the mi'rture is u armed, the manganese trichlondo 
IS decomposed 2MnCl3 — > 2]lfnCl2 + CU \ IMicn this process is used on 
a manufacturmg scale, the manganese cWridc — ^SlnClo — ^is treated by 
W Weldon’s recovery process (1867) which is a modification of an 
earlier process by C Duidop (1855) Air is blown through the hot residual 
hqmd which has been previously treated •with an excess of “ milk of hmc ” 
In tills way a considerable amount of calcium maugamte — CaO MhOa — 
IS formed- This is called " Weldon’s mud ” or “ manganese mud ” The 
presence of a hose is necessaiy for the oxidation of the oxide of Tnnpgnn pgn 
by air The mixture is allowed to settle, and the clear hquid run off The 
“ mud ” IS gradually run mto the oldormo stdl contaimng hydrochloric 
acid so that the “ manganese ” is used over and over agam 

Potassium permanganate is a veiy convement oxi£zmg agent for pre- 
parmg chlonne A flask contaimng some crystals of potassium perman- 
ganate IS fitted as indicated in Fig 47, and connected -with a ■wash-bottle 
contaimng concentrated sulphuric acid Dilute hydrochlonc acid is 
rim, drop by drop, from a tap funnel, when chlorine is evolved by the 
reaction . 2KMh04 4--16HC1 SBUO -{- 2KC1 -j^- SMiifn. -{r fiClLj. Cfiilorine 
18 also inad£ by the action of an excess of hydrochlonc acid upon an alkalmo 
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lumocbloulo 01 Wcacluiig powder 'Xhc blcadimg imdoi iway be pui- 
clwbcd compicsscd into cubes, wth oi without pMstcr of 
in Kidp’s apparatus, Fig 12, with hydrochloric acid (L ^Ninklci, ls »0 
The gas attacks mcrcuiy, and it is not, therefore, collected in tlio mercury 
trough, it 13 also fairly soluble in water and the solution is mthcr un- 
pbaaint For general laboratory work the gas can bo collected over hot 
^ter saturated with salt, or better, by the upward displacement of air m 


the stink closet, . j 1 n. 

Gold and platinum chlorides .give offjshlqnne when heated, bUb tli^so 
compounds are too expensive for the preparation of chlorine, except for 
very special work, such as V Meyer’s work on the vapour density of 
chlonne, w-hero platmoua chloride was used as the source of dilohnt 
Ciipnc chloride— CuCIo— also gives off dilonno when heated. 2CuClj 
= 2CuCi + Cln, and tins method is sometimes used for the propagation of ^ 
pure chlorme ' In W Weldon and A R Pechiney’s process (18S5) for| 
chlorine, magnesium ehlonde is heated in a current of air Magnosnim^^ 
ovide and free chlorine are produced 2MgClo + 00 = 2MgO + 2 CI 2 
The oxide of magnesium is then treated with hydrogen chloride to^ 
rogcncrate magnesium ehlonde MgO + 2HCI = HoO + MgC3, Tlio^f 
ehlonde so formed is ngam heat^ m a onrront of air, so that the.'' 
process of mauufacturc of chlorme is contmuous. 

Deacon's process for chlonne — The oxidation of hydrogen in hj dro | 
gen chloride can be effected by atmospheiio oxj’gcn, bj' passing the mixcd| 
gases through a tube at a high temperature The action takes platoi 
below' 400° m the presence of pumice stone saturated with cuprous chlondo| 
— CuCl The resrdt of the reaction is repi'cscntcd hy the equation 
4IICI + 05 C+ OuCl] = 2 H 2 O + 2 Cl 2 [+ CuCl] Tho cuprous ehlonde 
romammgat the end of the reaction has the same composition as at thol 
bcginmng It is supposed that the first action results m tJio foiinalion' 
of a copper oxychloride fiCuCl + Oo = 2 CUoOCL , followed bv .'I 
CU 3 OCI 2 + 2Ha = 2 CUCI 2 + HnO , and "finaUy "by " 2CuCl„ = 2C!uCli 
+ do ^ The chlorme is necessarily contammated with midccomposed li 3 'dro>i 
gen ehlonde, atmosphenc mtrogen, atmospheiio 0 x 5 gen, and steam. Tlio 
steam and hydrogen chloride can bo removed by washing, etc 'riio*^ 
chlorine so prepared is used in the manufacture of bleaching powdci,', 
whore the presence of the impuntics does no particular harm Tlufji 
is the pnnciple of H W Deacon’s process (1868) The leaction canf 
bo illustrated by the apparatus shown in Fig 97 Air is forced froiUv 
a gas holder through a hot solutioh of concentrated hj'drochlonc acid ' 
The mixture of air and hydrogen ehlonde so obtained is passed tlvrovigh^ 
a wash-bottle contammg wntcr, and then through a hot porcelain' 
tube contammg pumice stone impregnated inth a solution of cupric 
chloride and dned Tlie chlorme gas obtained at the -c-vit can bo collected ' 
m the usual maimer It is of course mixed with tho excess of air, mtrogcu, f 
t etc 

^ In the reaction 4HC1 + 0^ = 2CL + 2Hp, both clilonno and 
oxygen arc competing for the lij'drogon , at 677° both appear equally 
strong, for the hydiogeu is distributed equally between tlio chlonne and 
oxj'gen At higher IcmpeiatureS the chlorine is stroilgor than oxygen, 
because kss free chlorine is obtained than at lower tempcralurcs when 
tho affinity of oxygen £01 the hydrogen is the strongei. Ll coiiscquouco 


t 
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a greater yield of free chlorine is obtained at temperatures lower than 
577° The temperature, hoivever, cannot be reduced mdefimtely bcc!iu*!c 
the reaction would then become mconvemently slow:, even m the presence 
of the catalytic agent — cuprous ohlonde The catalytic agent begins to 
volatilize at temiieratures even below 430° 

,/ Electrolytic processes for chlorine and alkaline hydroades — ^If 
'an aqueous solution of potassium chloride or sodium chlonde bo electrolyzed, 
chlorine (amon) appears at the anode, and the metal (cation) at the 
cathode. In the case of sodium chlonde, we have XaCl = K^a Cl 
The metal then reacts with the water, hberatmg hjdrogen and formmg 
sodium hydroxide The net result of the electrolj sis is 2NaCl -}- 2 H 2 O 
= CL, + H, + 2NaOH, so that hydrogen gas appears at the cathode and 



Fig 97 — ^niostration of Deacon’s Process for Chlormo 

chlonne at the anode The two electrodes must be separated to pre\ ent 
the sodium hydroxide formed at the cathode mixmg with the chlormc 
discharged at the anode The separation is effected — 

(1) Diaphragm process — ^By usmg a -poTOfos diaphragm — Portland 
cement, earthenware, asbestos, limestone, etc This permits electrolytic 
conduction, and prevents the solutions mixmg but very slowly — P Matthes 
and Weber, 1886 

(2) Bdl process — By enclosmg the anode m an mverted non conduct- 
mg bell with the cathode outside — W Bern, 1893 

(3) Mercury cathode process — The sodium is dissolved by the mercury 
to form an amalgam The amalgam is removed from the cell and treated 
with water, when sodium hydroxide and mercury are obtamed. The 
mercury is returned to the cell to be used over and oier agam — E. 
Solvay’s process, 1898 

^ (4) Mercury diaphragm proves — Bj the use of a mercury diaphragm 

as m H y Castner’s process, 1893, illustrated m Pig 98 The cell has 
three compartments The two outer compartments are fitted with 
graphite anodes (-{') i and the middle compartment is fitted with an iron 
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gnd ( — ) to serve as cathode llie nou-porous partitions do not reach 
qnitc to the bottom of the cell but dip into a lajcr of mertuiy co'tcnng 
the bottom A solution of alkah chloride flov,-s through the two outer 
cells, and ■water throu^ the inner compartment The bnne m the outer 
comxiartment is decomposed by the clcctnc current into chlonnc at the 
anode and sodium at the cathode The latter dissolves in the mercury , 
at the cathode, and the chlonnc at the anodes escapes nn the ciat pipes. 
The sodium amalgam diffuses into the inner chamber and there, corauig 
into contact \nth the ivater, is immediately decompos>cd into sodium 


SotiTiOl* 

aoaium'' 

etJende 

+ 


hjdro'ode and mercury. The 
hydrogen escapes through the 
loosely ffttmg cover. The 
sodium hjdroxide is run mto 
a special tank as required- A 
slo-w Tockmg motion is im- 
parted to the cell dunng the 
clectrolii sis, by an ecccntnc 
wheel, so as to make the 
mercury flou from one com- 
partment to the other along 
the bottom of the cclL 

(6) Fused eleclrohftc — In 
Acker’s process (18981, now 
abandoned, molten lead was 
used as anode for coUecling the sodium 


, na*er e^-ditote 
sediun 



riG 


yercuty 

smofgam 


as — Cistnpr <1 Mercurj Dinphrigm 
Process 


- , , - The alloy of lead and ■lodium wa^ 

decomposed by steam to form hydrogen and sodium h\dro\idc Fused 
alkalme chlondes also furnish cWonno when clcctroh’zed. Pure chlonnc 
for special espenments, has been made bj the elect«)l 3 T=i 5 of pure fused 
Sliver chlonde -with carbon electrodes. Tor the clcctioh'sis of li\ drochloric 
acid, sec p 240 ^ 


§ 6 Chlonne — ^Properties 

Chlormo is a yeUou^h-green gas with an imtating smeU It atiitks 
the membrane of the throat, lungs, and nose K a little be S , 
some time, it causes an imtatmg cough attended bv the BDittinn nf 

of owf™, »ro loti 

2J times as heavy as am, and bemg shghth soluble m coH ^ . 

coHected by the upward displacement 
of air, over hot water or over a con- 
centrated solution of salt m which it 
IS not so very soluble 

The action of chlonne on ■water. 

— ^100 volumes of water at 0° dissolve 
461 volumes of the gas, and at 20% 22 6 

volumes The solution in water 

chlonne water — is yellowish-green in 
colour, and it has the taste and smell 
of chlonne itself Chlonne -water is conienienth- i 

the water is cooled by surrounding it with meltinn Uhcil 

o«d.ca™l cystab ol chlonnc 



Chlonne Water 
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Jiycliato dccoin2)oscs bIow 13' at t«m))eraltin!i! jusfc 0\ and rn|)t(ll> 
at higher temperatures Tlius tlic ^alH)U^ pressure of the h3dmtc at 0’ is 
250 mm , at 6®, 481 mm , and at 10®, 832 mm If tlic hjdrato bo scaled 
in a tube, it mil molt at ordinary' temperatures, forming two liquids — an 
upper aqueous lajer, and a lower lajcr containing most of the chlorine 
The liquefaction of chlorine. — On March 5, 1823, M I'amdnj was 
operating with chloniio hydrate m a scaled tube Dr J A Pans railed 
at the labotatorj and noticed some ollj matter in the lube Faradaj was 
usliig, ho rallied Farndaj “uikmi the cnrcleasncss of employing Mjihd 
vessels” Faraday started to ojicn the tube bj filing the sealwl end, 
the contents of the tube suddcnlj' cxplodwl, and the “oil” vnnishcih 
Faradaj repeated the c\£)orimcnt, and Dr Pans, next morning, rcctncd 
the laconic note — 

“Donr Sir, — Tlin oil jou noticed vcstenlny turned out to bo liquid chluniiL 
— Yours faitlitull}, JIichael lAnvuvv *' 

Clilorinc can bo condensed to a golden*} ellow liquid at 0’ and C atino 
spheres pressure Bj scahiig ohiormo hydrate in one limb of a A*‘*ba}ied 

tube, and placing that lig in warm 
water while the other leg is immenjixl 
in a freezing mixture (Fig KM)) of, ai}, 
ice and salt, v clIow oil} tlrojis of liquid 
rhlorinc condense in the cold limb 
'Die liquid boils at —310® under 
ntmosphcnc prt'SUrt, and freezes to a 
pale 3 ellow crvstallmr mass whiih 
melts at —102® lacjuid chloriiiu h 
sold cnmincrciall} in sttcl cvlindir^ 

» The action of chlorine on other 
'elements — ^Thoroughh di} chlorine is 
' somowhat inert chemicall}, and it has 
' no appreciable action iijion bright 
Fjo too— Llquotoctiouof Clilonno "ictalhc sodium, copjwr etc Moist 

chlonno IS part icularl}' active Chlorine 
does not combine wnth 0x3 gon dircctl} allhnngh seieiil comiionnds 
of clilonno and 0x3 gon can bo obtained iiidircctlv (ijlic inert gu'^s, 
lutrogcii, oxygen, caibon, and some of the rarer platinum metals, 
resist attack by free chlorine PTbo direct union of man} of the clemcnls 
with clilonno is attended by incandescence— for instance, powdered 
antimony, arsenic, and bismuth when shaken into a flask coiilaining 
chlorine binco tho ohlondcs of antimony , etc , so formed are poisonous, 
tho oxporimonts are best made maclosctl system, ilhistmtcd Fig 101 
Wlicn tho bulb tube containing tho powdered clement is raised, it is caev 
to shako tho contents through tho fliusk of oldorino to illuslrito the inoaii* 
desccnco which atthnda tho combustion without an cscaiw of the poisonous 
chlondcs into tho atmosphere of tho room Copper, brass foil, Dutdi 
motalj phosphorus, boron, and sihqon also ignito sixmtancously in cldonnc. 
Molt en s odium hot bra^ wire, and iron wire also bjuinjil c liloriiu 

III suiilighf, equal volumes dl’liydfogon and ohlorino combine with 
pxplosioii Dio samo remark applies wholi a imxiurc is cxiKiM,d to tho 
light of bumuig magnesium Let a jar of hydrogen and a simdar jar of 
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ohlonne be placed month to month (Fig 34), the gases -well mixed, tlie 
]ars separated and immediately covered with greased glass plates When 
a hghted taper is apphed to the mouth of one jar, the gases unite wth 
explosion A piece of eold but recently ignited charcoal placed in the 
other ]ar frequently causes the gases to combme >vith explosive violence 

Hydrogen does not appear to combine mth chlonne with appreciable j 
velocity m the dark, but in diffused daylight, the two slowly combine to ) 
form hydrogen chlonde The speed of tlie reaction is proportional to the 
mteusity of the hgh^^ Hence, actinometers have been designed to measure' 
the mtensity of hght m terms of the speed of combination of a mixture 
of hydrogen and chlonne gases If h^t be filtered through a loyer of^ 
chlormc gas before it impinges on the mixture of hydrogen and clilorine, the. 
hglit produces no appreciable effect Insolated chlonne rises slightly in| 
temperature, even when the heat rays have been filtered from the incidents 
light It IS therefore inferred that achnic (light) energy absorhed by chlorine] 
IS at once degraded into thermal energy If hydrogen be associated inih //ici 
chlonne, when exposed lo light, the process of degradation of the actinic energy^ 
IS accompanied by chemical action (J W Jlollor, 

1002) Tlie presence of mmute traces of im- 
punties m the gases retards the rate of combina- 
tion in a remarkable way 

A ]et of bummg hydrogen lowered into a jar 
of chlonne contmues burning with the formation 
of hydrogen chlonde Chlorine gas may also lie 
burnt m an atmosphere of hydrogen Hydro- 
carbons are decomposed by chlonne, for instance, 
a piece of cotton wool soaked m warm turpentine 
(GjoHig) will inflame when placed m a jar of 
chlonne The bummg of the turpentine is accom-f 

pamed fay tlie separation of dense clouds of freer —Combustion of 

carbon The chlonne combmes ivith the hydrogen* Chionn”^' 

forming hydrogen chloride, and carbon is sot 
free A wax candle bums m chlorine with a von,' Rmnkv flnmn 
^drocarbon— u ax— is decomposed m a similar manner See also Fig’ 201 i 
wmSstion ° non-combustible, and a suppofte, ol 

Oxu^ing effects of chlorine — 'Moist chlonne or olilnrinA nraf 
a powerful oxadizmg agent We have rppu tbAi- ^I’l chlorine water, is 

knt If moistoTB bo present, thnSoqre «re btaSw Sl rf? 

The action appears to be due to the formation of a 
product Ordinary oxygen will not do thp tin i t oxidation 

fhe^ore nssnmed that the o”d.to » csSL' w “'^"”8 » « 
p 293 , nnrther that it is duo to the decojuSt!l‘if SJSl 
formed by the action of chlorine on water ^ hypoohlorous acid 

000“ correspond” udh* 70 ^S?a*!?d t?e SSufew chlorine below 

tompomhires, the donaty nssumos lower t o.oos. At So-, ojo’ d‘ “ 
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47 3, that IS, about two thirds the normal value for chlorme This is 
explained bj the assumption that the two atom chlorae m^^es rom- 
mence to dissociate into one atom molecules above GOO CU r Cl -1- CL _ 

/ Uses — Chlonnc is used m the manufacture of bleachmg powder, m*, 
;thc extraction of gold , m bleachmg— e g wood pulp, etc. , m the manu-^ 
'facture of bromine, etc 

§ 7 The Composition of Hydrogen Chloride and the Atomic Weight 

of Chlonne 

1 Anedysis of hydrogen <dilonde by sodium amalgam, — A 
stoppered glass tube — about 70 cm long and 1 5 cm. m diameter 

IS filled with diy hydrogen chlonde over mercury Sodium amalgam 

IS then dropped mto* the tube, and the tube immediately closed with 

its stopper The tube is mverted several times 
m succession, and then opened while its month 
IS dippmg under mercury Mercury rushes mto the 
tube, and the residual gas is brought under atmo 
sphenc pressure by raising or lowenng the tube 
untd the mercury inside and outside is at the same 
level (Fig 102) The volume of the residual gas 
IS noted. The residual gas can then be tested m 
the usual manner It is hydrogen The hydrogen 
chlonde reacts with the sodmm of the mercury 
amalgam forming sodium chlonde and hberahng 
hydrogen The object of using sodium amalgam 
in place of metaUic sodium is one of convemence 
This expenment demonstrates that hydrogen 
I chlonde contains half its ovm volume of 
I hydrogen. Hence, from Avogadro’s hypothesis 
ione molecule of hydrogen chlonde contains half a 
;nioIccule, that is, one atom of hvdrogen The 
formula is therefore HCli, where x represents the 
jnnmber of atoms of chlorme in the molecule The 
Tip 102 — Volume ^apour density of hydrogen chlonde is nearly 365 
Composition of = 2) Hence the molecular weight is 36 5, and 
Hvdrogen Ohio- of hydrogen m the molecule is 1 The 

)noleoulo of hydrogen chlonde thus contains 
36 5 — 1 = 35 5 parts of chlorme T^ is the atomic weight of chlonne 
Hence tb^iormula for hydrogen chlonde is HCl 

2 Tlifc electrolysis of hydrochlonc aad — ^IVhen concentrated hydro- 
chloric acid IS electrolyzed, a mixture of equal volumes of hydrogen and 
chlorme is obtained Carbon electrodes are used because the chlorme 
slowly attacks platmum. Chlonnc gas is also soluble m concentrated 
hvdrochlonc aci^ so that the acid should be saturated with chlorme before 
the attempt is made to measure the gaseous products of electrolysis If 
the vessel containing the acid is arranged so that the acid about one elec- 
trode IS connected ivith the acid about the other electrode by a glass tube 
junction. Fig 103, it is only necessary to saturate the solution about one 
electrode inth chlonne The apparatus illustrated. Fig 103, devised by 
L. Meyer, has two limbs filled with concentrated hydrochlonc acid, and an 
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Fio 103 — ^Moyer's Appnratna for the 
SlcotroIvHLS of Hvaroohlorio Acid 


electno current is passed until the liquid in the cliloimo limb is saturated 
■with chlorine Tlie tivo gas receivere are put into communication until the 
electrolytic vessel by suitably turning the thice-'way stopcocks Tlie gas 
receivers have, of course, been 
promously filled untb bquid — 
a saturated solution of sodium 
chloride — by placmg a disk 
of the hquid below each re- 
ceiver and applying suction at 
the proper e-at tube "when the 
three-'way cooks are smtably 
turned The gases collect m 
the tubes at equal rates Tlie 
expenment shows that during^" 
the electrolyisof concentrated' 
hydrochlonc acid, the volume^ 
of hydrogen liberated at the}^ 
one electrode is equal to the I- 
volume of chlorine Iiberatcdj 
at the other electrode Assum- L 
mg that the hydrogen chloride dissolved in the •cater is alone decomposed 
bj the elcotiic cuirent it follo'ws that hydiogen eliloiide contains equal 
volumes of hydrogen and of ohloiinc, and therefore also an equal number 
, or- atoms , or the formula is HaiOla:, -where x is evaluated as before from the 
vapour density 30 5 Tins demonstration of the composition of hydrogen 
chlonde, though interesting as circumstantial evidence, 18 not a yiroo/ unless 
supported by accessory evidence A similar demonstiation applied to the 
analogous hydrofluoric acid would “ prove ” that hydrogen fluoride is a 
compound of hydrogen and oxygop 

When concentrated acidYs fluted mth eight volumes of water and 
electrolyzed, some oxygen is evolved along with the chlorine , -wilh nine 
volumes of water, still more oigrgcii is evolved. The more dilute the 
acid the greotei the amount of 
o'<ygen, until, "with water acidified 
until a few drops of acid, no chlorine, 
but oxygen alone is obtained at the 
anode, p 61 

3 The synthesis of hydrogen 
chlonde — ^Theimxed gases obtamed 
by the electrolysis of concentrated 
hydrochlonc acid in an apparatus re- 
semblmg Eig 18 are pas^ through 
a stout glass “explosion" tube 
^nth a stopcock at ^h end, A, Fig 104 The tower is packed with lime 
and gla^ wool to absorb chlonne Instead of this the exit tube may 
f fume closet When aU the air is displaced, the stopcocks are 
closed One of the stopcocks may be opened while the cor^sponding 
end of the tube is dipping under concentrated sulphuno acid, no cim 
enters or leaves the appmtus Tlie tube and contents ore wiosed to 
sunlight or to the hght from burning magnesium The face must bo 
protected in case the tube should burst during the explosion When the 
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tubo IB cold, opert one of the stopcooks ■while the corrcpponding opd ip 
dipping under concentrated sulphiino acid , no gas enters or leaves tho 
tube ThiH shows that nq change in volume has taken place as a result 
of tho e^losion It can be proved that the tube contains nothing b'lt 
hydrogen chlonde by opeiung the tip of the tube under ■water Tho 
hydrogen chlonde -will be absorbed and water wiU nse and fill the tube 
oxcept for a httle air (or perhaps a shght excess of hydrogen) which might 
have been present This experiment shows that one volume of hydrogen 

b tes with one volume of chlonne to form two volumes of hydrogen 
onde 

/ Hydrogen chlonde contains tho equivalent of half its volume of chlorine 
^ and half its voluihe of hydrogen, or, by Avogadro’s hypothesis, assuming 
I the hydrogen and chlonne each contam two atoms, one molecule of hydrpgen 
chlonde contams half a molecule of hydrogen and half a molecule of 
5 ohlorme, that is, one molecule of hydrogen chlonde contams an atom of 
■ chlonne and an atom of hydrogen The formula is therefore HCl This 
i agrees •with the vapour density determmation of hydrogen chloride which 
furnishes 36 49 (EL, = 2) If the atomic weight of chlonne be 35 46', 
Land of hydrogen 1 008 (0 = 16), it follows that the formula for hydrogen 
chlonde is HGl 

4 The atomic weight of chlorme — ^The combinmg weight of chlonne 
has been deduced by finding how much silver chlonde can be obtamed 
from a given amount of sdver The resqlts show that Ag Cl = 107 88 
35 46 Tho ratio H Cl has also been detormmed by the combustion 
of hydrogen in dfilorme m an apparatus similar m pnnciple tp that 
employed by Morley for the combustion of hydrogen in osygon, p 40 
Collecting the best determmations, it is found that the ratio vanes between 
1 35 43 and 1 35 46 The best representative value is taken to be 35 46 
Agam collectmg together the vapour density determinations of all knoim 
volatile chlorides ive obtain a toble from which the follo^wipg has been 
abstracted 

Tabif IX — ^Moikcuijir ■Weioiits op 'Volatiiis Cosironvns. 


Volatile chlonde 

Vapour 

density 

Formula ol com 
pound molecular 
weight = vapour 
density 

Amount of 
chlonne in tho 
molecule 

Hydrogen ohlonde 

36 G 

HCl 

36 46 

Chlorine 

7Q0 

Cl, 

70 92 

Meronno ohlonde 

273 6 

HgCl, 

70 92 

Aismio triohlondo 

182 1 

AsOl] 

106 38 

Tin totraohlonde 

266 2 

SnCL 

141 84 

Phosphorus pentucliloride 

208 3 

PCI* 

177 30 


The smallest combimng weight of chlonne m any one of these com- 
pounds corresponds ■with tie combming weight 35 46 — OTcygen = 10 — and 
accordingly this number is taken to represent the atoimo weight of ohlorme 
The atonuo and equivalent weig hts, of AhlqTmeJiaitsJihq-BamPLJiummoal 
value 
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§ 8 The Chlondes of Calcium, Barium, Magnesium, and Zihc. 

Many metals readily combine AVith clilonnc, forming chlorides, and often , 
in several different proportions c g stannous chlondc, SnClg, and slnnnicl 
chlonde, SnCl4, cuprous ohlonde, CuCl, and cupnc chloride, CuCl^,! 
mercurous ohlonde, HgOl, and mei curie chloride, HgCl^, ferrous chloride,! 
EeClj , and feme chloride, FeClg, etc 

In addition to the methods of making chlondes previously described, j 
namely, by acti ng on^thc motnl, the metallic o'tidc^ hydroxidCjjor (^honjitof 
with hydipehlono acid , and hjTaddin g a solublo^ chloride to aTsblution . 
oifjb he metal ho salt t vhferchy a sparmgly soluble^ chloride is prccfpitatcd, = 
chlorides c an he madchy thoactign_6f clilormq orf flip 5relaIIid"d\i9c,"or 
a mixture of tho metalho oade noth carbon, or by the action of chlonnc 


£ 



Fig 106 


-Heats of Formation of tbo Clilondcs (A 1’ Lourie, 1882). 


or^hydrogm chlorida.oiLflio metal, aiid by some other methods to hd! 

.„hy1 

chlondM fdma elosely graded senes They can all bo made by Ih^feL'cral 
methods, and they all crystallize froln aqueous solutions umteh -with natcr 
vjich vanes from one to seven molecules of nater per molwKtho 
fchlonde For mstance, ZnQ . H,0 ; BaCL 2BLO CaCl fiH n r Jj 

rfoalo'ISS? ttowater taoloS. a„4 ttttry 

Zn<«>0<| 

curve is obtained as indicated m Fm 105 ti?’ ponodio 

the ivant of data ® hnes deaotb 
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Double chlorides — ^Tho chlorides may also unite uith other ohloricUs 
fonning double chlorides, c g MgCTj^NH^Cl 6 H^O , 3 IgCl 2 .KCI 6H_0 , 
ZnCl, NH^CI, etc, ^ihcn thoir mixed aqueous solutions arc concentrated 
and aliened to orystalhzo The double chlorides can be dried inthout 
decomposition This property is not so well defined %nth the caloium, 
banum, and strontium compounds as intli bciy Ilium, zinc, cadmium, and 
magnesium compounds The property has been attributed to the multi- 
valency of chlonne Thus, ivith torvalent chlorine 

7n^Cl 7„^C1=C1— K 

^ ^Cl ^ ^a=ci— K 

Zme chloride Zinc jxitassium chloride 

Hydrolysis —These chlorides arc slightly decomposed in aqueous solu- 
tions The, term ** hydrolyas ” ia_g cnera lly employed for the intcniotion 
bj^wcen’a Mt£1an3 u a£cr%i her e^'"f reo acid and free base, dr an aci3"andji 
liasic^tarqfdrmecl ' 'Hydrolysis is thus a kind of reicrsionof tlio process 
of iicutrahzation of an acid with a base, or of base nith an acid In the 
case of magnesium chloride and water, a certain amount of the magnesium 
chlonde is decomposed, and magnesium hydroxide and h 3 dmchlonc acid 
are formed MgCU + 2HjO ^ Mg{OH )2 + 2HC1 , or possibly MgCl, 
-f HjO ^ Mg(OH)Cl + HCl The amount of hj'drolj'sis in aqueous 
solutions of banum, strontium, and caleium chlondes is insignificant, 
although these salts, as well as the alkaline chlondes, are xerv slighlly 
hjdrolyzcd The hydroljsis of sodium clilondo can bo demonstrated by 
Emioh’s oxpenment 

Heat a little sodium chlonde in a platinum crucible to bright mlnws, niid add 
a couple of drops of water to the hot crucible so that the water iiHsumni the 
nphoroidal state In a moment, transfer the water to n beaker containing a ^crJ 
faint]} coloured solution of blue litmus — the litmas is reddened allowing tlio 
jircsonco of nn acid — li}drochlonc acid Tho salt remaining in the crucible is 
dissolved m water, and it turns rod litmus blue, showing tlio presence of an alkali 
— sodium h}droxido 

Hydrolysis belongs to tho tj po of ” opposmg rcaetions " previously 
discussed Equihbnum occurs when tho speed of hydrolysis is equal 
to tho speed of re oombmation of the products of tho hj drolysis If one 
or both the products of hydrolysis arc removed from the sphere of tho 
reaction, either by tho formation of a precipitate, or by tho liberation 
of a gas, tho whole of the salt may bo hydrolyzwl With bismuth chlonde^ 
S 1 OI 3 , for example, tho basic salt BiClfOH)] is quantitatively precipitated 

This reaction, m fact, is one of 
the standard methods employed m analysis for tho quantitativ 0 precipi- 
tation of bismuth quantitatively from a solution 

V In consequence of hydrolysis, ivhcn aqueous solutions of zinc or mag- 
nesium chlondes ore concentrated by c\aporation, some hydrogen chlonde 
volatilizes, and a mixture of tho oxide and chlonde, or a basic compound 
— aigjOCU, or MgO MgCL^— is formed Tho anhj'drous chlonde cannot 
therefore be prepared by the evaiioration of tho aqueous solutions. If 
hydrogen chlonde bo prevented from leaving the solution by conducting 
the c\apoiation in a stream of hydrogen chlonde, tho hydrolysis of tho 
magnesium chfondo cannot proceed very far Indeed the excess of 
hydtogen chloride drives the hydroljms backwards by increasing tho con 
centration of hjdrogen chlonde m tho sjstcm, so that it is' possible to 
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prepare anhydrous magnesium chloride by the evaporation of aqueous 
solutions in a stream of hydiogen chloride gas See “rinc sulphate” for 
another view of hydiolysis 

Magnesium and zmc oxychlorides — ^Wlieii niagnesiuni chloride is 
heated in an, chlorine is evolved, and magnesium oxj’chloride, Jlg^OCI,, 
IS formed, and at still lugher temperatures, nearly all the chlondc fs 
decomposed and magnesium oxide, MgO, remains See Weldon and 
Pdcluney’s process for chlonne, p 236 

If calcined magnesia be made into a iluck paste with a concentrated f! 
solution of magnesium chloride, or if zinc oxide and zmc chloride be treated^ 
in a similar manner, the moss hardens to a stone-likc mass owing to the? 
formation of an oxychloride Hence the use of these mixtures as cements r 
e,g zmc oxychloride is employed by dentists for stopping teeth , andl 
magnesium oxychloride — SoreVs cement, or magnesia cement — is used in^ 
the manufacture of artificial stones, tiles, etc 

Solubility of the chlorides m water — Wicn the anhydrous chlondes 
are dissolved in water, heat is.er olvcd . and the solutionTccomes vaniier 
e.g CaCl 2 + Aq t= CaCl^aq + 17 4 Cals , ivith anhydrous barium chloride, 

2 1 Cals , and inth anhydrous magnesium chloride, 436 0 Cals On the con- 
trary, when the c^stalhnejiydra^ are dissolved in water, heat is absorbed, 
and the solution becomes'' cooler e.g CaClj OH.O -f A’q'^CaCUq 
— 4 3 Cals , ivith crystallme barium cldonde BaCC 2H,0 — 4 9 Cals , 
and with crjstaUme magnesium chlonde, j\rgClj.6H«0-3^ Cals. Tlius. 
the temperature can be reduced from 0° to -42'’ by“n mixture of 2 parts 
of crystallized calcium chloride, with half its weight of snow or powdered 
ice , 3 parts of potassium chlonde with 2 parts of snow will lowei the 
temperature from 0° to —33° , and wnth 10 parts of snow, from 0° to —11° * 

1 part of sodium chloride with 3 parts of snow will lower the tcmpeiatiire 
from 0° to —17 1° Hence the use of such salts as freezing mixtures 

It IS well to remember that the dissolution of a solid is attended by 
(1) the-separation of the molecules against molecular attraction (2) tlie 
iKpmfaction of the splid^. andj(3)^comhination Jpf -thVFolirto wtli Tlfe 
sol^ TDie two former involve an expenditure of energy and exercise ' 
a coouiig effect, the last alone usually exercises a heating effect, whetlier f 
the issolution of a sohd wll bo an endo- or an exo-thormal process ist 
thus detemuned by the relative magnitudes of these three effects W,eii 

(Znoy, mil be obtained from the 
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Tho remarkable solubihty of zinc chloride is wortliy of special note 
At 50°, for instance, zmo chloride forms a thick syrupy hquid mth one 
fourth of its -weight of water v/The great aflSmty of zmc and calcium 
chlondes (anhydrous) for water is utilized m chemical work Calcium 
chloride is extensively employed m the laboratoiy for drying gases , and 
zmc chloride is a poweiful dehydrating agent It decomposes many 
orgamc componnds, taking from them the elements of -nater Zmo 
chlondc IS also used as anantiseptm> m tho preservation of wood from 
decay, and owing to its power of dissolving metalho oxides, os a flux in 
soldenng 

The smoothing of solubility curves — ^The solubihty curves of these 
salts would be misleading if plotted from the numbers mdioated above, 
for many of these chlorides give solubihty curves with a number of breaks 

whioh would thus be smoothed 
out and accordingly obscured 
Care must always be exercised in 
smoothmg data obtamed at 
widely differmg temperatures, be 
cause some important phenomena 
may thus be masked The breaks 
correspond -with the change in 
tho solubility which attend the 
transformation of one hydrate 
into another as the temperature 
rises Calcium ohlonde may be 
taken to illustrate tho pnnoiple. 
Fig 108 At 29_8° the hexa- J 
hydrate CaCS^ GH^O changes mto 
the a tetrahydrate a CaCl24]B^O , 
at 45 3° the a tetrahydrate passes ' 
^ mto the dihydrate CaCl^ 2H^O , 

at 176 5° (not shoivn m the diagram) the dihydrate passes mto 
tho monohydrate OaClnHgO , and at 260® the monohydra-te passes 
into the anhydrous salt CaCI, The changes from one hydrate to the 
other produce the breaks, some of which are mdioated m Fig 100 
Each hydrate has its own particular solubihty curve There are two 
different tetrahydrates, each having its owti specific solubihty curve 
They are distinguished as the o and the p tetrahydrates, the former 
being tho stable hydrate whose solubihty curve is sho-wm m the 
diagram 

^ Deliquescence and efflorescence —Each hydrate has its own specific 
vapour pressure at a particular temperature The average vapour pressure of 
the water vapour in atmospheric air is eqmvalent to 8 or 9 mm of mercury 
If the vapour pressure of the hydrate be greater than the vapour pressure 
of atmosphenc moisture, the hydrate -will lose water on exposure to the 
air— m other words, the salt will effloresce , on the contrary, if the vapour 
pressure of the hjdrate bo less than that of tho atmosphenc moisture, 
the salt absorb moisture from the atmosphere, and dehquesce Here 
are a few illustrations 
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Salt 

Vapour pressure 
tnm 

Proportj 

CaCl- OHjO 1 

32 

Deliquescent 

FoCJi CH.0 

60 

Deliquescent 

Xa-SO< lOHiO 

27 8 

EfllOrcscciit 

NaCOa lOHjO 

24 2 

< 

Efflorescent 


It IS therefore possible to predict ulictlicr or not a salt Mill have a 
tendency to efflorescence or dchqucscence when the vaiiour pressitre of^ 
tho hydrate is knoivn But a perfectly sound ci^'stal of, say, sodium^, 
sulphate does not effloresce on evposuro to tho atmosphere If, howcvei,^ 
the change has commenced at any pomt, it will spread throughout tho^ 
■whole mass This is in accord with the phase rule F = C — P-j-2 luf 
tho perfect crystal there arc two phases P, namely sodium sulphate,! 
Na,SO^ 10H,0, and water vapoUr, and two components C, namely | 
NajSO^ and"HjO Hence the ^'stem is bi\ariant (F — 2), so that thoi 
pre^ro of the water vajiour and the temperature can \ar 3 aibitranlyl 
inthin certain hmits without altenng the btate of tho sj stem If, how ci or,| 
some efflorescent salt bo present, there wtU be three phases, and the system? 
will bo unuanant (P = 1), so that for overj tcmperatuic there is ono^ 
and only one vapour pressure for cquibbriuiui 

Manufacture of calcium and barium chlorides — Calcium chloride is 
obtained as a by-product in many manufactunng'operalions — manufacttirc 
of potassium chlorate , of ammonia from aiumoraum chloride, etc Tho 
salt crystallizes from its aqueous solutions m hexagonal crjstallinc pnsms 
Barium chloride is mode by dissolving withente, native barium carbonate , 
m hydrochloric acid It is also manufactured from the imiicral barj tes, 
barium sulphate, BaSO^, by roasting tho mineral with iiowdered coke, 
hmestone, and calcium chlondc Tho banum sulphate is reduced to the 
sulphide, BaS, thus BaSO^ -f 4C = BaS + 4CO Tiic banUm sulphide then 
reacts ivith the calcium chlonde, forming calcium sulplude and barium 
chloride BaS + CaCL = CaS + BaCl^ The mass is lixi-viated with 
water , the calcium sulphide remams behmd, and banum chlonde pas’^cs 
into solution WTien the solution is concentrated and cooled, barium 
chlonde, BaOL SH^O, separates in colourless rhombic plates 

§ 9 Mercury, Silver, Copper, and Gold Chlorides 

]llCTCury,_gjl-vier,_oopp6r, and gold form a Senes of chlorides— HcCl 
CuCl, Agd, AuCl— similar m typo to'llie' alkahile chlorides— KCl NaCl-- 
but they are aU very sparmgly soluble m water In these cldondcs the 
metal appears to behave as a monad , but, m addition, mercury and copper 
respectively form Hgdsand CuCU,in which tho metals behhve as dya^* 
gold also fonm a second chloride— AuClg—m which tho metal beLves 
as a tnai The lower chlorides arfe named meroUrous, ouptaus, and 
aurous chlondcs, and the higher chlorides are called merounc cunno 
and aUiic chlorides ’ ^ ' 
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Mercuric chloride HgCl, — 'vlso called corrwMUeraWwnafc—nb modooii a 
commercial scale by licating a mixture of mcrcunc sulphate -with sodium 
chloride 2I^C1.+ HgSO^ = Na^SO^ + HgClj , a httio manganese dio-adc, 
MnOj, IS usually add^ -nuth the objet^ of preventmg the formation of the 
lower chlonde Mercune chloride sublimes as a white translucent mass 
The salt can be obtamedm needle like rhombic prisms by coohng a solution 
saturated -with the salt at 100° There is a great difference m the solu* 
bihtyof the salt at 100° and at lower temperatures, thus 100 grams of solu> 
tion at 0° contains 3 5 grams of salt , and at 100°, 38 grams The salt 
melts at 288° and vaporizes about 300° Like magnesium and zme 
chlondcs, mercuric chlonde readily forms mercunc oxychlonde and also 
double sMts, e.g etc , that last named is the “ sel 

alcmbroth ” of the'*c»ly"chenufifibs " The double salts are more soluble than 
morcuno chlonde, and they are much used in making antiseptic solutions 
for taxidenmsts, etc Mercunc chlonde is a valuable antiseptic, and is 
used for" washmg -wounds, etc , m surgery Dilute solutions, 1 part of salt 
per 1000 parts of water, or per 2000 parts of water, are usually employed. 
Mercunc chlonde is a virulent poison The antidote is albumen (the 
■white of a raw egg) This forms with the salt an insoluble mass which 
can be removed from the stomach 

Mercurous chlonde, HgCl or HgjCU— also called cdlomd If mer- 
curic chlonde be heated along -with metalhc mercury, a sublimate of mer- 
curous chlonde IS obtained as a white powder The mixture used for the 
preparation of mercuric chlonde can also be employed if the manganese 
oxide be omitted, and metalhc mercuiy introduced HgTH^ + Hg = 2HgCl 
Mcrourous_pUondc can also bo made by the direct union of merc u^ a nd 
cMonne , apd b y the addition of a'soluble'ohlon^c, or, better, hydroohlono 
^ sg ^ble mer^roiig, ^I t Mercurous chlonde is precipitat^ 
One htre orwaterdissoTvM butt) TO2 gram of mercurous chlonde at 18° 
Mercurous chlonde slowly blackens -when exposed to hght This is 
said to be due to the reversal of the reaction 3 UBt indicated The 
blackenmg is thus due to the separation of mercuiy The salt is also 
blackened by contact -with alkah^ and aqueous ammoma — hence the 
term “ calomel ” from the Greek KoXoiitKas (kalomelas), black. This black 
powder appears to be mercunc amido-cWonde, Hg(NH.)Cl mixed with 
metallic mercuiy and the reaction is represented 

+ NH^CI 

Mercurous chlonde absorbs diy anmioma gaTlbn^g Hg,Cl, 2NH, 
klerciSbus clOoride occurs natne m Spain and some other countnra The 
mineral is called horn quichsilteTt Both mercurous and mercunc chlondcs 
are employed in medicine 

The vapour density of mercurous chloride -—The vapour density of 
merciwous chlonde at C18° is 236 6 (O^ = 32) This number agrees with 
236 5 required for the simple molecule iHgCl If mercuiy be a dyad, and 
if it has a constant unchangeable valency, the formula should be HgjCLn 
that IS, Cl — Hg — Hg — CL In that case, the observed vapour density 
means that the mercurous chloride dissociates into mcrcunc chlonde and 
mercury HgjClj = Hg + HgCU , the theoretical vajiour density of 
which 18 ^(200 + 270 9) = 235 6, the same os for HgCl The vapour 
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deiifcvly detcrinmatioi\ docs not tlierclorc furni‘»h a definite answ cr to tlio 
obvious question The vapour of calomel forms an amalgam ivilh gold 
Avhon a piece of gold loaf is suspended in the vapour, owing to the presence 
o£ mercury vapour. It is possible tliat gold leaf decomposes caiomel 
vapour, and, at best, the experiment only shows that sotn& dissociation 
occurs, whereas the observed density requires complete dissociation The 
ailment based on the constant valency of mercury is of little value 
Hence an ^penmentum crwcia^that is, on experiment which "Will decide 
the question without ambiguity — is still wantmg The best arguments in 
favour of the dissociation h 3 rpothesis (HgoClj^H^L-i-Hg) are duo ( 1 ) to 
H B Baker He clauns that the vapour density of calomel, perfectly 
dry, corresponds with the formula HgnCLj , but if the calomel be not so 
completely dned, it is probable that dissociates mto Hg and HgCU, 

analogous with the behaviour of perfect^ dned ammonium chlondc, which 
is known to behave m this manner (2) Smith and Menzies — see p 301. 

Cupric chloride, CuCL — ^This salt can be made by dissolving the metal 
in a mixture of nitno and hydrochloric acids, as well as by the usual methods 
bummg the metal'm'chlonne, etc Cupric chlondc, when anhjdtous, n 
a dark brown solfd ” Free chlonne can bo detected in the vapour of cupnc 
ohlondo at 344® Cupnc chlondc dissolves in a small quantity of water 
fonmng a deep green solution which deposits rhombic crj’stals of (DuOj 2 H 2 C 
on evaporation K the aqueous solution of cupnc chlondc be diluted witl 
a larger \oIunie of water, the solution becomes blue and loses its greer 
tint , the green tint is restored if the blue solution be concentrated b> 
evaporation \\Ticn ammonia gas is passed into an aqueous solution oJ 
cupno chlondc, blue crystals of CuCI 2 4 NHtH 20 are depoMted I’hit 
compound loses all its water and half its ammonia wlicii heated brlwcii 


120®-125'’ When the anhjdrous chlonde is exposed to ammonia gn«!, t 
blue solid, CuClgfiNHg is formed. Both salts when heated gi\o greer 
OUCU 2 NH 3 , and at higher temperatures this compound decompose* 
into mtrogen, cuprous chlondc, ammonia, and ammomum chlondc 
6(CoC3»2NHa) == 6 CuCl -|- 6 NHjCl + 4NH>j -}* N;. Ibc constitution of 
the "mefiil-ammoma ” compounds, called the “ ammmes,'' is discussed later. 

Cuprous chlonde, CuCl — a solution of cupnc chlondc in con 
cen trated hydr ochlonc acid is digested with metelho copper, and the acid 
solution is. poured mto water, a white^rcoipitate of, cuprous chloride 
separates. When either cuprous or mercurous chlonde is heated in s 
current of chlonne, the “ -ic ” salt is produced, c g 2CuCl -f Cl„ = 2CuCL, 
and conversely, when either cupnc or mercunc chlonde is heated m a curreni 
of hydrogen, or brought in contact with nascent hydrogen, the “ -ous ’ 
salt IS produc^, followed mmeiiatdy by the reduction of the chlondc 
to the metal Stannous chlonde, Sudj, reduces mercunc to mercurouf 
^onde, and the latter, in turn, to metallic mercury;, ^sulphurous acid 
H 2 SO 3 , reduces cupric to cuprous chloiid^ Converecly buprous chlondi 
can be o^dized to cupnc cliloride by Exposing the hjdrochlonc acit 
solution of cuprous chlonde to the atmosphere The solution become* 
brown and then deposits a greenish-blue solid, CuOlg 3CuO 4 H 0 whicl 
ap^am to resemble the nunoral alacamite, Cupxoul chlonde, 'dissohcc 
m hy^ochlonc ^id or m ammonia, readily absorbs carbon moiioxidh-'am 
a^ylene Both sohitions aic employed in gas analjsis for the remova 
of carbon monoxide from gaseous mixtures. The amount of gas absorbed 
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fnever cxcoeds the mtio Cu CO, and it is probable that a compotiud 

( CuCl CO 2 H 2 O 18 fonncd. AATien a solution approaching saturation a 
blnught in contact with a gas free from catbon monoxide, some catbon 
monoxido niay leave the solution and contaminate the gas 

Siltef ehlonde, AgCl — Silver chlonde occurs in nature as the mineral 
horn silven Like mercurous chloride, silver chlonde is formed when a 
soluble chlonde is added to a solution of a sdver salt The white precipi- 
tate Inelts at about 490°, fOrmmg a yellow hquid uhich becomes darker the 
higher the temperature Ihe hquid solidifies on cOohng to a tough homy 
mass Silver ehlonde absorbs UmUionia gas, forming AgC^NI^ , 
and AgOl fiNHg, some properties of which will be discussed later Sdver 
chlonde is solubl e in concent rated hydrochloric acid, m alknhno ohlondcs, 
aqueous aminoma, potassium cyarade, and in sodiUm thiOsUlphale Its 
snlQbihtyliTwator was indicated on p 169 Sec also p. 274 

Action of light on silver chloride — ^\Vhcn silver chlonde is exposed 
to hght, it darkens, assumes a violet tmt, uhich posses into broivn, and 
finally turns black It is probable that the ehlonde decomposes into free 
cldonne and stiver subchlonde, Ag^Cl , thus 4AgCl s=s 2AgnGl -j- CLy 
The ^stem is m equihbnura uhen the vapour prcssiTro of the chlonno has 
ireaohed a certain value IVhen the silver subchlonde is exposed to the 
paction of chlormo gas in darkness, silver chlonde, AgCl, iS formed The 
iamount of silver chloride decomposed, for equilibrium, depends upon 
|tho intensity of the hght If chlomio bo removed from the sphere of the 
reaction, by, saj , nuxing the silver salt wth a suitable organic compound 
luluch “ binds ” the chlonnc, the reaction proceeds to an end These 
plopcrties of silver chlonde are employed m photography Stl\cr bromide 
and silver iodide appear to behaA e m an analogous manner, but the bromide 
Is generally considered most suitable for photographic purposes 
f. Photography — A celluloid film or gloss plate is coated on one side 

^ mth a film of gelatine contaimng, say, silver bromide in suspension, and 
dned The plate Is placed in the camera, and exposed by focusing tlie iiilago 
of the object to be photographed on to the plate for a moment. The sill or 
bromide is affected m some a ay so that the most intense change occurs where 
the hght is bnghtest, while the change is less mtensc in the shadow's No 
iisible change is apparent untd the plate is developed Tlie plate is deve- 
loped by treatmg it with a reduemg agent — ^ferrous sulphate, pyr ogall ol, 
or sonio special developer The developer continues tho'cliango''startcd 
by the hght, but is without action on the unexposed parts of the plate 
As a result, finely divided sdver is deposited on the parts of the plate 
illununated by the light reflected from the object The deposit is thickest 
■rthere the hght was most mtense Hence, the dark parts of the object 
appear hghtest on the plate, and the hght parts dark The image is thus 
the reverse of the object, and the plate is accordmgly called a negative 
The silver salt which has not been affected by the hght nor by the deve- 
loper 18 now removed, and the imago thus fixed on the plate by immersing 
the plate m a solution of sodium thiosulphate The plate is then washed and 
dried- Apnnt is made by laying the negative Upon sensitized paper — that 
it, paper prepared in a sircar ivay tO the negative — so that the hght must 
pass through the negative before striking Uio paper The negative absorbs 
the hght m proportion to the thioknoss of the deposit of sdver, so that the 
prmt has the same shading as the object The paper is then treat^ with 
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a solution o! sodium thiosulpliato to fiM tlio imago. TJio print may lip 
toned by immersing it m a solution of gold cliloiide so that some of the 
Sliver 18 replaced by gold , this gives the print a v’ami reddish tone , if a 
platmum salt bo used instead of gold, a steel-grey tone is produced The 
linage on the prmt will be the reverse of tliat on the negative, and mil 
therefore correspond with the object Honoo the pnnt may be called 
the positive 

Aunc chloride, AuClg — If gold be dissolved m a mixture of hydro- 
ohlono and mtno acids {aqva regia), yellow nccdle-hko crystals of a complex 
acid— hydrochloroaunc acid, HAuCI^ — separate from moderately con- 
centrated solutions If the solution bo evaporated to dryness, and the 
residue dissolved in a httlo water, reddish crystals of AuClg 2H2O can 
be obtained by concentrating the solution These crystals lose water and 
give brown dehqucscent ciystals of the anhydrous chloiidc when heated 
to a low temperature Hydrochloroaunc acid, HAuCl^, foims a senes 
of complex salts with the alkahne chlorides NaAuCl4 2H2O, etc These 
salts aio called chlorjoaurates The monobasic radicle is “AuCl^ ’* The 
constitution of complex salts of this land is discussed later 

Aurous chlonde, AuCl — ^When aunc chloride is heated to 180® it 
passes into a yollomsh-whito powdci which is aurous chloride Aurous 
chlondo 13 decomposed by water mto auric ohlondo and metallic gold 
3AuCI = 2Au -{- AuClg If aurous oxide, AugO, bo dissolved m hydro- 
clilonc acid, it forms auric chloride and motalho gold Both the gold 
chlondes are unstable, and decompose when heated above 180° into 
chlorine and the metal Gold is precipitated from its solutions of the 
chloride by reduemg agents of all lands-— ^nnous chloride, ferrous sulphate 
foxnySi^flulphurous, and oxalic acid, etc ' ’ 


§ 10 Tin and Lead Chlondes 

/^Stannic chlonde, S11CI4 — Tlus salt can bo made by heating powdered 
tin with an excess of mercuric chloride, 

SHgdj + Sn = 2Hg 4- SnCl^ , or by the 
following process 

Kaco 60 grams of motallic tm in a flask, and 
hoat it by placing a Bunsen’s burner under- 
neath Atflion tho tin is melted, pass n stream 
of dr> chlorine, prepared as indicated abo\a, so 
that the gas ploys directly on tho metal, ITig 107 
When tho metal in tho flask has all disapponrod, 
odd some tinfoil to tho liquid with tho receiver, 
and close tho receiver with a stopper After stand- 
ing 12 hours so os to allow tho dissolved chlorine 
to react with tho tin, distil tho product from a re 
tort, and reject tho first few drops of the distillate 
If the later distillate bo coloured, repeat tho treat- 
ment with *— r— ' -i- — ' 


- tinfoil, etc 

which distils ot 117 9® 


and collect tho fraction 



Stanmc chloride is a fuming colour 
less hquid winch boils at 113 9°. R 

unites with water, foming a senes of cwstolimn ^ ^ 

5H2O and 8H2O The pentahydrate Sna^OT^O is used as^'a morSnt 1 

to be dyed, and whXt WombS^'^ mtofe 



252 MODERN INORGANIC CHEMSTRY 


in dyeing nnder the name “ osymunate of tin Aqueous solutions of 
stannic chloi ide are not stable owing to hydrolysis SnCl^ + 411^0 s:^ 4HC1 

Sn(OH)^ \ Stannic chloride forms a senes of complex salts potassium 
chlorostannate, SnC1^2KCl, or IC^^RnCIj, in which the radicle “SnClo” is 
bivalent Tlic liquid ivos knoivn to A Libavius in 1605, and was called 
/ipintus fumans Ltbavit 

Stannous chlonde, SnCl^ — Dissolve metalho tin in hydroclilonc acid, 
and evaporate the solution until monoohmc crystals, Snd^ 2H2O, 
separate This hydrate loses its water and forms anhydrous stannous 
ohlonde when dned tn vacuo The anliydrous salt is also made by heatmg 
metalho tin in a stream of hydrogen chloride , and by heating a mixture 
of metalho tm with merouno ohlonde HgOlj + Sn = SnClg + Hg The 
merouiy volatilizes and leaves a residue of stannous ohlonde Stannous 
ohlonde is soluble in a small amount of water , the addition of an excess 
[ of water or exposure to the air leads to the precipitation of a basic ohlonde 
|2SnCl2 + 2H2O = iSnClj SnO H,0 -{- 2HC1 The formula of stannous oxy- 
chlonde is yanously represented" SnCl^SnO H3O , SnjOCla HjO , SnO HCl , 
Sn(OH)Cl ^Stannous chloride is a powerful reducing agent, and readily com- 
bmes with oxygen or ivith ohlormc lyhon solutions of stannous chloride are 
exposed to the air, oxygon is absorbed, and stannous oxychloride and 
stamue ohlonde are formed eSnClj + 0„ + 2HjO = 4Sn(OH)Cl + 2SnCl , 
Stannous ohlonde boils at 606“ The vapour density of stanmo ohlonde, 
above 900°, corresponds with SnClj+Cl*, and at lower temperatures with 
the mixture SnCl4;c=^SnCl2+Cn| Stannous chlonde also combines with 
iodine, fornimg SnCl2l2> and it is used for titra ting loihne in volumetno 
analysis 


Lead chlonde, PbCl^ — This salt separates os a uhite curdy precipitate 
when liydrochlono acid or a soluble ohlonde is added to a solution of a 
lead salt (It is also made by dissolving lead oxide or carbonate in hot 
liydroohlono aoidj On ooolmg, the solution deposits ci^stals of lead 
cldonde, PbCl2 The salt is generally said to be fairly soluble in hot water, 
and spanngly soluble in cold water 100 grams of water at 0“ dissolve 
0 67 ^am of PbClj , at 50°, 1 70 gram , and at 100°, 3 34 grams llTien 
lead chloride is heated in air, lead oxychloride, PboOCa,, or PbCl, PbO is 

^ solution of lead ohlonde, 

PbCljPbO H2O, or Pb(OH)Cl, separates This compound is used as a 
white pigment under the commercial name “Pattmson’s white lead” 

fetn « an oxychloride of lead, approi^-ately 

fTPbO + Pbda, made by heatmg lead oxide ivith ammonium chlonde 
Lead tetrachlonde, PbCI^ — ^This is an unsta ble chloride formed when 
chlorine m passed through hydrochloric acid m which' lead ohlonde ls 
appended, or when load dioxide is dissolved m concentrated Jivdro- 
ohlono acid The salt, Pba,2NH,Cl, or (NHJaPbdj, is precipitated 
when ammonium chloride is added to the solution This salt Limomum 
chloroplumbate corresponds with ammomum chlorostannate If am- 
monium chloroplui^ate be treated with concentrated sulphuno acid in the 
°° yeUow oil, PbCT4, IS obtained This deconyioses m contact with 
moistoe, fonmng lead oxide and hydrogen chlonde The tetrachlonde is 
unstable, decomposmg PbCl^ = PbCJj -f Cl, This compound is mter 
csting because it shows that very probably lead can be quadri as well 
ns bi valent. 



CmXJRINE AKD HYDROGEN CHLORIDE 


§ IX. Iron, Aluminium, Chromium, Manganese, Cobalt, and Nickel 

Chlorides 


Feme chloride, reCl 3 — ^The anhydrotis chlondos of the metals car 
generally be made by the action of chlonnc upon the metals, or bj th( 
action of chlonne, or the vapours of carbonyl chlondc, or carbon tetra 
chloride upon the metallic oxides at a low red heat. The first-nainec 
operation can be conducted in the following manner j 

A bundle of iron wire is pieced in the middle of a hard glass tube A, Fig 108 
Connect one end of this tube ^Tlth an apparatus for generating chlorine ond two 
sulphuric ocid wash bottles for drymg tne gas , connect tho other end of the tube 
n ith a dry reccit er, mado from a wide-neckcd bottle, with a tn o holed stopper, and 
one tube leading to the stink closet os indicated m the diagram Conduct a fairlv 
rapid stream of clilonno through tho tulio, and when all tho air has been oxpcllpd, 
gently warm tho tube with a flame which does not touch the gloss In a short 
time, tho iron ond clilonno will react with bnihant sparks The feme chloride 
which ^s formed can bo sublimed mto the receiver by warming the neck, etc , uitli 



Fio 108 — Preparation of Anhydrous Feme Chlondc 

a second large flame movmg to and fro along the tube When tho iror. „ii 
converted mto feme chlonde. shake the salt mto a drv wide 
pe bottle mast be welUtoppered-^topper S, Fig 

hjgroscopic or deliquescent oecauso the salt is ver.v 

Fernc chlondc forms hexagonal crystals which appear creenifih hi 
Tcflcc^ hgbt and dark red by teansmittcd bght ^AnhySs 
chlonde dissolves in water with the evolution of much heat WW 
aqueous solutions are evaporated, crystals of FeCL 6F O 
Ihe cools, but iS solt cS “’obSSTf ih^ 

evaporation of aqueous solutions on account of hvdrolvsis Tim i 

to^o^aedby.d«olv.„gjro», .ron 

acid, and oxidizmg the solution with a bttln 
Jiydjogm jcroxide HydroW oooun, wS* Ssis “if"™ Tf’ ® 
chlonde are boiled or left standing some time An imtolnnia „ feipe 

or a soluble hydroxide and bydrochlonc acid are formed The?wll f'tf 
can be separated by dialysis ^»tter 
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Dialysis — ^Wlnle studying the rate of diffusion of salts through mom- 
brancs of parchment paper, Thomas Graham (1861) noticed that ceitain 
substances diffuse very slowly through the parclmient. Gelatine and 
glue might be cited in illustration Tbe membrane is nearly impervious 
to these substances Graham applied the term cgljfislds — ^from the Greek 
h6\\a (koUa), glue — to those substances which diffuse but slowly through 
the parchment On the other hand, substances like sodium ohlonde, 
magnesium sulphate pass through the membrane much more quickly 
|Oiystalhne salts are typical of those substances which diffuse rapidly, 
land hence Graham called them cr ystajlo ids In illustration. 


OaiSTAuxiins 
Potassium ohlonde 
Oane sugar 
Magnesium sulphate 
Hydroohlonc acid 
Sodium olilonde 
Barium ohlonde 


COULOTPS 

Albumen 

Gums 

Starch 

Gelatinous aluralmum hydroxide 
Gelatmous feme hydroxide 
Golatmoos silloio aoids 


It must be added that a great many substances can exist m both the 
colloidal and oiystalloid condition, so that it is better to distinguish between 
the colloidal and crystalhne conditions of matter rather than between 
crystalloids” and "colloids ” ^ In modem ohemistry the term "colloid” 
comprises much of what was formerly called “ amorphous,” although 
some so called colloids may after all be crystalline. It must not be 
supposed that the coUoids do not pass through the parchment at all 

Graham found that when the time of diffusion 
of hydroohlonc acid — ^HCl — was taken as unity, 
the rate of diffusion of an equal quantity of 
sodium chlonde was 2 3, cane sugar 7, egg 
albumen 49, and caramel 98 On account of 
mo T, 1 ’these great differences, Graham proposed a 

FiQ 109— Diaiysor paeful method of separatmg coUoids from 

oiystalloid substances m solution The crystalloid is removed by diffusion 
tl^ngh a membrane of parchment, bladder, or some similar substance 
The process is called dialysis — ^from tlie Greek 8«i (dia), through , 
(lyo), I loosen The operation will be understood from the following 
description 



A piece of paroliinont or bladder is bound across one end of p glass or gutta 
peroha hoop so as to form a kind of shallow dish, Fig 100, narrower at the base 
than the open top A nused solution of albumen (the uhito of an egg) and 
potassium chlonde in water is poured mto the “dish” Tins \cssel is placed 
in another dish S, contammg distilled water The water in the outer vessel is 
renewed every few hours Tlie dish contammg the mixed solution is covered by a 
clock gloss to protect it from dust In about three days, practically all the 
potassium chloride will have passed through the membrane into the oqter vessel, 
/while the egg albumen wiU remain m the inner compartment The whole apparatus 
' IS called a malyzer See also Fig 300 

i/lf a few drops of ammoma be added to a solution of feme clilonde, a 
reddish brown precipitate of feme hydroxide will be formed This re 
dissolves m the unchanged ferric ohlonde When the solution of feme 
ohlonde is saturated with the feme hydroxide, any further addition of 
ammoma will give a permanent precipitate of feme hydroxide Add a 


1 Wo Ostwald (1911) advocates the term dispersoid system in place of 
•• colloidal solution ” 
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few drops of hydroclilonc acid to dissolve the precipitated ferric I 13 droiudc, 
and dilute the solution with water so that it contains about G per ceil o 
sohd in solution. Pour this solution into the dialyzer, the soluble icrric 
chlonde and ammonium chloride pass into the outer \cssel, ® 
red hquid, called “ dialyzed iron, ’ remains m the inner \ essel If dialj zed 
iron be allowed to stand for some weeks in a glass vessel, it gelatuiizcs 
Here, then, we have two kinds of colloids (..fluid colloids are sam to be 11 
the sol condition , and gelatinons or pcctmous colloids arc said to 1 ^^ 
the gd condition ) men the solvent is water, the colloids are cithei 
hydrogels (gelatinous) or hydrosols (fluid) , if alcohol be the solvent 
alcogcls or alcosols etc The dial 3 'zcd iron is in the hj drosol condition 
In an carher chapter, solutions were defined to he “ mixtures wind 
appear clear and homogeneous m ordinarj' daylight, and wbidi canno 
be separated mto their constituent parts by filtration tlirough paper, am 
bv decantation ” It is now possible to apply Graham’s dialysis test, am 
subdivide solutions * according as the substance irt solution diffuse 
rapidly — OT^talloid solutions , or slowly — colloidal solutions — ^Ihrougl 
parchment paper To summarize 

^ Solutiotis are clear and Iiomogencoas in doj light 

1 CrystaUotd aolutiom arc optically inert, and the dissoK cd matter diffu'-os 

mpidlj through parcluncnt 

2 Colloidal sohiliona gi\c on opoksccncc with Tyndall’s test, fhc\ usuallj 

appear heterogeneous imder tho ultmmicroscopo, and tho suhstantc 
m solution diffu=es \cr\ slowly through parclunout 

(а) f'ol Tho fluid colloidal conditiou 

(б) Gel Ti;c sohd or gclatinpus colloidal condition 

It mast bo clcarh understood that no hard and fast lino of flcmnrcation ran 
he made between mere sasiicnsioas, colloidal and cr\-3tulloid solutions I’crfctl 
definitions aro not i ct possible 


The vapour density of feme chloride — ^Auhy drous feme cldorido 
boils about 280” At tem- 
peratures below 400”, tho 
^ apour density corre- 
sponds with FCjCIs, above 
that temperature tho 
vapour density diminishes, 
until, at about 750”, tho 
vapour density corre- 
sponds with the molecule 
FeClg , possibly also somo 
dissociation, 

re3Cl6’^2FeCl2-f a^, ^0°’ >000^ IZOO^ 1400' 

occurs, at any rate, free ^10— "Vapour Density of Feme Chlonde 

cHorme can bo detected in the vapour at 122”-123° The vapour densitv 
curve at different temperatures is indicated m Fig 110 ^ 

The hy<^ates of fernc chlonde -The curve AB, Fig 111 , represents 
the effect of additions of anhydrous feme chlonde on the freczinc point 
of solutions of water The freezmg pomt falls rapidly with the 

* Tliecntena " homogeneous m daylight ” and " sneed of »* ... . 

arbitrary Tho same remark applies to “ filtratiOn^irou.* 
colloidal solutions could bo separated into thoir constituents ®if 
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so 2 )<iralioii of ICC from the Boluhon until the outcotio point li ut —66“ is 
attained, uid the solution contains 2 75 molecules of ITcgOlg per 100 
molecules of tho solvent. At the eutectic iiomt, the whole solution 
freezes cn masse. The sohd is a mixture of ice and Fe^Clg I 2 E 2 O Any 
further a^chtion of feme chlonde raises tho temperature at wMch sohd 
iparates from the solution, and the sohd which separates is tho 
^odekahydrate, Fe^dg 12H^O, alone The curve BO thus represents 
tho solubihty of the dodekahydrate m water This salt oontmuos to 

separate until a 
temperature of 
37° 18 attained 
Tho solution is 
then nothmg hut 
fused 

FcaCls I2H3O 
This hydrate 
melts at 37° 
Any further addi- 
tion of feme 
chlonde to tho 
solution de- 
presses tho tem- 
perature atnhich 
sohd dodekahy- 
diato separates 
until a second 
eutectic D is 
reached at 27 4° 
Tho solution then 
solidifies cn 
masse. Tho 
eutectic sohd is a 
mixture of tho 
dodekahydrate 
and the hepta- 
hydrate FejCL 
7 H 2 O By add- 
mg more salt, 
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Fio 111 — ^Fieezmg Points of the Hydrates of Femo Chlonde 

the temperature of sohdifioation is raised , and the heptahydrate separates 
from the solution This contmues until a temperature of 32 6° is 
attamed, when the solution is virtually fused heptahydrate F^dg 73^0 
Any further addition of feme chlonde depresses the temperature at 
which the heptahydrate separates until a third outeotic is attained 
Tho eutectic mixture of heptahydrate and pentahydrate sohdify cn Woe 
at 30° Tlie remamder of the curve can be foUcu ed in the same manner 
until the anhydrous femo chloride is obtained 

It will bo observed that if a solution of femo chloride be evaporated 
between 30° and 40°, tho solution will solidify below 37°, when Fejdg I 2 H 2 O 
IS formed as more water is dnven off , the mass will hquofy when tho 
eutectic D meltmg at 27 4° is produced , sohdifioation occurs when the 
^ heptahydrate FcjCIg 7HjO melting at 32 6° is formed , and the solution 
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wll liqucfv at ‘’O’ when it has the coinp<^lion oorrcsponduig vrilh the 
eutectic F. Tlie dilution 'mil again solidi^ as the pentahydrate : 
Fc^Gg-SBUO melting at 56^ appsais. Similar phenomena recur nth the 
tebahydrate. Fe2G^4H20 

K uc confine the attention for a moment, to the curve between the 
pomts A and C, it -mil be apparent that *^6 have the tj*p’cal curve 
indicated m Fig 111, and the same statement apphes to the portioi*s 
CDE, EFG. GUI and UK. The pomt C represents a fused solat*on of 
Fe2Q5.12H;0 : and the point E & fused solution of Fe^Ci,, 7H«0 The 
pomt D corresponds mfh the eutectic mixture of both the dod^eka- and 
the heptahydrate. Each maximum pomt — C. E, G, and I — corresponda 
•with a definite hydrate : and each minimum — B. D F, H. J — with the 
eutectic mixture of the two compounds represented by the adjacent maxima 
The solnbihty curve of feme chloride thus reveals the presence of four 
stable hydrates, namely Fe^aj 12H,0 ; and Fe^CU 72,0, Fe-.G, 5IL.0, 
and Fe,Cl^ 42.0 ‘ ' - ^ t . 

Ferrous cMonde, FeCI^ — Heat metaihe iron in a stream of dry hvdroj 
gen cUonde in a siinilar apparatus to that employed for the preparation 
of ferric chlonde- Fig. 108 White feathciy crystals of anhydrous ferrouj 
chloride are produced- These are very dehquescent, Thc'aqucous solul 
tion of ferric chlonde, or the salt formed by dissol'nng irea. nr ferroui 
carbonate in hydrochloric acid deposits pale blmsh-grccn crystals f«f 
rc-CL.4HoO. W hen heated m avT ferrous cU^nde forms feme oxide and 
-ISFeClg.f: SO, Betwe-^^ 1200> auA 

1500 man atmosphere of hydrogen chlonde the vaponrdensity corresponds 
"With FeClp and at lower temperatures posablv FeXI^ 

Alummiumchlonde AlCly— Theaqueous'solution made bvdissnlttng 
the metal in hydrochlonc acid deposits crystals of Aia~6Hlo These 
crystals decompose when heated, forming alumina, etc.** 2t^r],.6H Ol 

hydrare canno-ri^^ 

by the evaporation or tnraqueous solution unless m a stream of hvdi^n! > 
cUonde, be<a^ of hydrolysis (see magnesium chlonde) Anhvdrous^ 
alummium chlonde is made on a large scale by passing chlonne over 
mi^ure of carbon and alumina at a high temperature. Tie volatile* 
^urt IS conden^ m a receiver to which no moisture has access. Neither 
Je chloime nor the carbon can alone react -with the oxide under the conJ 
ditions of the expenment. The jomt action of the carbon and ehTnnn J 
IS needed for the work : -f 3C 3CI, = 2^4^^). 

-Anhydrotis alaaom-am chlonde can also be prena«^ -fiL hv * 1 

tomiiica in a current of d>n- cMonn.. • e-tr-r br heafme* 

diy hydrogen chlonde , in tl e aoianUiis ™ r stream off 

mimum tttrmnps should l>e cleaned fre^rom crease ^ i ' 

ether, and finallv dridnc at IW* \\ nil ^ alcohol ardj 

anparatns hv tte stream of hvdrogen 
^imaium. The met.il reacts ivi*h tJ,e -i?' Ml 

aloimnlum chlonde passes ,nto tlie receiver n™! T 
the tube I.^g into tne ^iver from tu^o t.nv. <?> 

tube by the coadensaaon of alutniniam chlonde ~ ^ P^veat t„c blocking of tljo* 

Anhydrous aUmumura chloride sufahmes vifhout fusion n+ ls!i» f 
mg uhitc hexagonal crvstalt, 2 luaird ,,,.1 at 184 , fonn- 

chlonde melts before -volatilizarioa. The alununium 
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of solution of nilhydi*oUs clilonde is AIoOlp + Aq = A lgCl eag + 153 7 Cals , 
hnd the ooixesponding valuo for feriic chloride, EcJO]r/'i 8 ''^ 6 Mr Cals 
Tiio vapour density at about 200 ° corresponds wtb AljOlp, and above 
450° mth AlC^ ^Alnmimum chlonde forms doublO tolts mth ainhionia, 
pbosphorus pentaohlonde, alkabhe olilondOs, etc The Salt AlCs.3NaCl 
uas used by Doville for the preparation of metalho aluminium.^ 

Manganous chlondet HlhClj — This salt is prOpared by dissolving the 
Oxide or carbonate in hydroohlorio aoid, and evaporating the solution 
RoSe rOd or plilk monocluuc crystals of U faCL, 4H tiO arc obtained. The 
anhj drous salt is mode by heating the crystals in a stream of hydrogch 
ehloiidc Manganous chlonde forms double salts uitli the alkaline 
ohlondes The vapOur density between 1200° and 1600° corresponds 
•with the formula^ Mnd^ 

Manganic cMoride — ^A oold solution of manganese diO'vido in con- 
Centrated hydrdohlonc aoid behaves os if it oontaincd a higher chloride 
than MnClj The solution probably contains a largo proportion of klnCl^ , 
I some think MnCl^ is also present Manganese tnchlonde, MiiCL,_is 
jtaade bytreatmg manganese dioxide, suipended m carbon tctraoh lOnde, 

! with' diy hydrogen ohlondo The precipitated solid b a mixtureTof man 
' ganese tn and'toEfarolilondes, which is decomposed by water } but when 
I the moss IS extracted with anhydrous ether, and the ether evaporated, 
hianganese tnchlonde remains as a black ponder until a greenish tinge 
I It IS immediately hydrolyzed by water The residue from the other 
I extraction IS manganese tetrachlonde, MnCl 4 , which is soluble in absolute 
I alcohol The alcoholic solution slowly decomposes The rapid dccom- 
position of these ohlondes m aqueous solution explains the hypothetical 


'bharaoter of our statements about the higher chlondcs of manganese 
I imtil a solvent was discovered m which they could bo dissolved Unthout 
I rapid decomposition The isomorphism of the following pairs of salts 
I klnCSg 2 NH 4 Ca HgO with FeCIg 2 NH 4 CI H^O , and of FeClg 2KC1 HgO tilth 
MnCilg 2 FIC£H 20 , mdioates a certain analogy between iron and manganese 
Cfonuc ^ohde, CrCHa — ^The anhj drous salt and the hj^drato 
CrOlg OHjO are prepared by methods similar to those employ ed for 
aluminium ohloiide Free ohlonne can be detected m the vapour of 
ohronuo chlonde at 366° A number of different hydrates have been made 
by dissolvmg ohtOmio hydroxide m hydtoohlonc acid, or by reducing the 
ohromates and diohromates m solutions of hydrochlono acid There ate 
three vaneties of the hexahydrated chlonde monoclimo ciystals of a 
violet colour — the )3 salt — ^made by passmg hydrogen chlonde mto a 
saturated solution of the oxide m hydrochlono acid at a low temperature 
8 ° to 10 ° , at a higher temperature, the -violet solution becomes green, 
and when Saturated -with hydrogen cMonde, it deposits rhombic green 
crystals — ^the o salt Another green salt — ^the y salt — ^is obtamed by treatmg 
the mother liquM from the -violet crystals -with ether saturated with hydro- 
.gen chloride These three salts are remarkable m that when freshly 
/prepared solutions are treated with silver nitrate -with the a salt one third 
phe total ohlonne is precipitated as silver chlonde , with the y salt two 
Vthirds , and with the violet )8 salt all is precipitated. This is Symbolized 
I by Werner’s formula to be desenbed later 
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The violet crystals of the hevahydrate are practically insoluble in water 
unless a trace of chiomous cblonde, CrClo* or certain o^er reducing agents, 
bepresent 

ii^Chromous dilonde, CrCl„ — ■Wlien chromic cUondc is heated in d 
current of hydrogen, a white crystalline compound, CrCl2> i® formed Tlie 
crystals dissolve m water forming a blue solution which rapidly absorb! 
oxygen and forms the green chromic cblonde A solution of chromoul 
chlonde is formed by di^lvmg the metal m hot hydroohlonc acid The 
green solution is reduced to the blue solution of chromous chlondc by the 
action of zinc 

Cobaltous chlonde, CoClj — ^Hie hydrated salt — CoClj 6H3O — crj's-l 
talhzes from solutions of the oxide or carbonate in hydrochloric acid inf 
the form of ruby-red monochmc crystals which are easily soluble in water I 
The crystals at about 100° foirn the monohydrate, GoCU HoO , and at about! 
120°, the anliydroiis clilondc CoCL The latter gives reddish sohitionsf 
when dissolved m water 

Nickelous chlonde, NiCL — ^Anhydrous nickel chloride, NiClj, is formed^ 
in a simiiar manner to the" cobalt salt The golden-yellow crystals of? 
anhydrous salt dissolve slowly in water The aqueous solution deposits^ 
gieen monoohinc prismatic crystals, EiCL OHjO, which are inclined to^ 
effloresce in air. - - j, 


Questions 

1 Desenbe the preparation oi chlorine and hydrogen chlonde and contraqt 

^ni» relatno denmty o£ the two snlntonccq ? — Aberdern 

2 Wnto a short ^ay on one of the following subjects la) Catalvsis and 

TOtalytio agents , (6) The chemical work of Pnestlej and Laioisjcr, (cj The 
dotonnmation of tho atomic weight of chlonno —Aberysixoyth Vmv ‘ ^ 

that win hberato hjdrogcn from hjdrocWpric add 
and write equations of reactions —Sheffleld Scientific School, USA * 

* of combination of gases by \olumo and Avogadro’s liiiv,. 
thesis From a consideration oi tlio combmotion of gaseous hvdroeen 

-v^ n" ! 

sulphuno acid costs 3d and a kilo of Glauber’s salt Na'so i n 
hyatolyas —Shc^d^e^ntifiJs^t^aSA * ***”* «fl«otioiia illnstralmg 

e\liibi^ by hydrogon poro-ndo^dor the infi^ce of 

(M I 5lXe5“SXZ„''»LW.'°U,S''SH" "/.‘"'ir’e'" dilonde 
solution Of the acid is free from ohlonne T— SanTAwT n^/1* ^ 

of b<P>ofaction of chlorinn T n i. 

7 f Whaf liquefaction of gasi I rS*'® ® 

"‘I ‘'■oXS'S"?„e..Uy. D.yy, 
“loer, elvmmuQm, ^ IjO «io cWotidea of rotasgmm. 

regarded os representing molecular comuoq.fain *^®®® cxprossions may be 
they be so regarded 1-£ondonvZ upon wtiat grounds ma? 
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The ReiiAtions op Chlobine — Iodine, Bromine, and 

Fluorine 

§ I Bromine 

Atomioweight, Br =; 79 92 ! molecular ■weight, Br. = 169 84 , valency, 1,3,6. 

7 -rolent , meltmg pomt, -73®, boilmg point, 69° Specific gravity of the hquicl 
at 0°, 3 1883 Vapour density (H* = 2), 168 86 , (air = 1), 6 624 

History — ^While studying the mother hquid which remains after the 
crystalhzation of salt from the ivater of the salt marshes of Montpelher, 
A J Balard (1826) ivas attracted by the mtense yellow coloration do 
veloped when ohlonne water is added to the hqmd. Balard digested the 
yellow hqmd with ether , decanted off the supernatant ethereal solution , 
and treated this with potassium hydroxide The colour ivns destroyed. 
The solution ivos evaporated to dryness The residue resembled potassium 
chloride, and when heated with manganese dioxide and sulphuno acid 
furnished red fumes which condensed to a dark brown liquid ivith an un- 
pleasant smell ^ Balard called this substance “ mundc,” but afterwards 
changed the name to “bromme” — ^from the Greek PpS/tos (bromos), 
stench Balard demonstrated the elementary nature of bromme, and 
shoived its relation to iodine and ohlonne 

Occurrence — ^Bromine does not qpeur free in nature Small quantities 
occur combined m many silver ores ^ and it occurs associated -with potas- 
sium, sodium, magnesium, or calcium in many mmeral waters, salt spnngs, 
and sea wate^ The water of the Atlantic is said to contam 0 007 per 
cent of magnesium bromide , the water of the Dead Sea, 9 per cent. , the 
nuneral water of Ohio, from 3 4 to 3 9 per cent of magnesium bromide 
Bromme is also found in manne animals and plants, m rook salt, etc The 
sahne deposits of Stossfurt contain about one per cent of magnesium 
bromide From this latter source, the mam supply of the bromine m 
commerce is denved 

Manufacture — ^The mother hquid remaming after the separation of 
the potassium salts, p 228, contains about 0 25 per cent of bromme m the 

1 J von Liebig used to relate that eome years before Bolord’s discovery he 
received, from a ^t manufactory m Germany, a vessel contauung bromme, or 
ot least a product very rich m bromme, with a request to examine it Behenng 
the hqmd to be lodiie olilonde, he did not subject the specimen to a \ ery e'xliaustii e 
fltudy VTien he heard of the diaoovery of Balard, Liebig saw bis mistake, ond 

E loc^ the ■vessel m a special cabmet for stormg mistakes — Varmoire des jautes 
lebig pointed this rnt to his friends to show how easily one could get \ery close 
to a discovery of the first rank and yet fail to grasp the facts w hen guided by 
preconceii ed ideas. 
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form of magncaum liromide The hot liquid is aUou.cd to percolate 
doira a tower packed A\ith earthenware balls , here the descending hquid 
meets an ascending stream of chlorine gas The magnesium bromide is 
decomposed ilgBr^ -i- C 32 — MgCl, Bro The brommo vapours lca\o 
the top of the tower through an cvifc pipe, and are hquefied ni a suitable 
condenser In the electrolytic process, the mother hquid is electrolyzed 
The magnesium bronude can he decomposed bj' the electric current before 
the magnesium chlonde, and thus it is possible and practicable to separate 
the bromine 

Purification — The bromine is pnnfied by rcdistiUation The chlonnc 
IS removed by distillation from calcium or ferrous bromide or by collecting 
separately m a receiver the first I to 4 per cent of the distillate in the form 
of a volatile compound or mixture of chlonne and bromine If anhj drous 
bronime be needed, it must he redistilled off concentrated sulphuric acid. 
If lodmc bo present, this must be removed by treatment ivith a copper 
salt Cuprous iodide Cul is precipitated 

Properties — At ordmary temperatures, bromine is a hcav^ mobile 
rcddish-broivn hquid— specificgnmty at 0’,3 1883 It freezes to a vcllowish- 
brown crystallme mass at —7°, and bods in air at 59° It is i ciy* volatile, 
and gives off a dark reddish-brown vapour at ordinary temperatures 
Bromme separates ni the form carminc-red necdlc-hkc ciystals, when a 
solution of bromine in carbon disulpbide is cooled to —90° Tlic Mjhd 
IS almost colourless at — 252° Bromme has a disagreeable imtatin" 
smell, and it attacks the eyes as well as the mucous membrane of the throat 
and no'=e It is poisonous, and attacks the skin ptoduemg troublceomo 
bores 100 grams of water dissolve 4 3 grams of bronunc at 0°. and .3 2 
grai^ at 20 ° Bromincjs also^solublc m chloroform, carbon disulphide, 
^‘pohpl, c ther,^and acetic acid _\l'hen bronunc water iv cooled to 0 °, it 
forms a hjdratc, Br^ lOHjO Bromine resembles chlonne in general 
chenueal pro^rtire, hut is not quite so energetic It forms bromides 
analogous with chlondes and only mutes slowly with hydrogen insunlicht 
Atomic and molecul^ weights —Analyses of silver bromide shmv that 
® ■‘'“ebt of bronunc is icrj close to 

number, 79 92 , also represents the atomic 
weight of bro^c, because it represents the smaUest amount of brommo 
m any one of the known volatde compounds of bromine 

At about 100° the vapour density is 5 87 (air = 11 and at ko 

^^rr^nds with the molecule Br^ At 1570° the vapour SnsityTs 

undOT the name « bromum sohdificatum,” which ilkieseSC^*' 7 J 
earth-^turatedinthbromine. Brorrnno. 

§ 2 Hydrogen Bromide-Hydrobroimc Acid 
Molecular weight, HBr = 80 93 Melting oomf _.«« 10 i„,n 
Va]^ densitj (H, = 2). 80 23 , (air = 1) f To Onelftro 
conditions wbutIis a «nft L r. the g-»s tinder normal 


conditions weighs 3 60S grams , specific gravity of hqmd? 1 63 aAo° 


If 
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wlucli passes along is luglily charged inth bromine vapour, and mIicU 
Ignited, dense clouds of hydixigon bromide are formed If a mixture of 
liydrogen and bronune be passed through a red hot tube contaimhg plati 
nized asbestos, or a hot platmum spiral, the elements rapidly combine 
The platmum bets as a stimulant or catalytic agent An axiparatus for 
this OTperiment is illustrated in Fig 112 The hy^ogeu is dried by passage 
through concentrated snlphiino acid m the irash-bottle A } and bronune 
is placed m the bulb B When all the air is expelled from the apparatus, 
the bronune is warmed shghtly, and the mixed gases are passed through 
the tube G contauung platmized asbestos Any bromine wluch escapes 
uncombmed is absorbed by red phosphorus, slightly damped, which is 
packed along with glass wool m the tower D , here any free bromine forms 
a phosphorus bromide If the hydrogen bromide is to bo absorbed by 
water, the products of the reaction — a mixture of hydrogen and hydrogen 
bromide — are passed through an empty wash bottle B, and then through 



a similai wash-bottle half filled with watei The empty wash bottle E is 
leversed so that there is no danger of water passmg beyond the bottle if 
back suction occurs Hydrogen broimde is also formed when some of 
the metalhc bromides are reduced to metals m a current of hydrogen 
Inus, at a red heat with sili'er bromide 2AgBr -h H, = 2HBr + 2Ag 
Hjdrogen bromide is sometimes made by the action of bronune on 
hj^carbons^y nyihthalene, CioHg, benzenc,_C,.H,. . anthracene. 
^lo^io » -—but the gas is then more or less contammated* ivith orcamo 
liroducts. 


The fobotvmg 13 the method usuallv emplojed m the laboratory Mix, soy, 
?n a ^ phosphorus with 80 groins of Bne sand, and place the dry mixtuS 

in a drv distillation fio^, A, iig 113 Add about 20 cc of water Close the 
1 " ® tap fiumel B, and dehyerv tube os indicated 

III ^ Vi funnel is drawn to a fine point Connect the 

'* contauung gloss wool and ahghtly damp 

bo collected bydho upward dimlacomont of air, 
‘t t*’® previous diogroiu, or collected o^cr 

tuliT!.? n cr. <hhi a h>nhel ino^ bo attached to the dellxery 

inalionS of pressure iiisldo tlio apparatus may bo rapidly 
Uf mtbout nsk of cvpiosioii and back suction of mercurj About 60 matm 

red phosphorus Is each droi> of broimno comes m contact with the phmphorus. 
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a flash of light os produced Some prefer to keep the flask immersed 

dS the iariy s^es of the reaction, and to ^rrap a round the flask in enso 

of an fsplosion The heat of the reaction volotili/os some bromine which is 

by Siepbosphorue m the U-tube. lyhon all the bromine 

flask, a, further quantity of hydrogen bromide may bo obtainwl by 

the flask The hydrogen bromide can be dned by means of a tube packed tntli 

calcium bromide 

The chemical reactions ivliich occur during the preparation of 
hydrogen bromide by the action of bromine on phosphorus and 
•Witter, are probably somewhat as foUo'WB Phosphorus tri- and pontn- 
bronude arc first formed, these react with the uater PBr,, + SHjO,, 
^HaPOa + SHBr, and PErg + 4H2O = HaPO^ + 5 HBr The wholcr 
reaction is usually represented on the supposition that phosphoni'rt 
tH'bromide is formed 2 P + 6H0O + SBr^ = 2H3PO3 + 6HBr If too] 
httle water be present, some crystals of phosphonium bromide— 
may be formed ml 
the fiask o'wmg to| 
the decompositiont 
of the hot phos | 
phorous acidjg 
H3PO3, thus • I ^ 

4H3P03=3H3P0J ^ 

+PH 3 , andPH, ’ 



Fro 113 — Preparation of Hydrogen Bromide 


3 ^ 

+HBr==PH4Br t 
Hydrobronucf) 
acid — ^It is con-f. 
vement to calR 
the gas “hydro- 1 , 

gen bromide,” and I 
aqueous solutions | 

“ hydrobromiol 
acid” Hydro-* 

bromic acid is formed when hydrogen sulphide is paasod into bromino'i 
covered with a layer of water HoS -j- Br , = 2 HBr -J; S ^ If sulphur dio'adif 
be used in place of hydrogen sulphide a pale jcUow homogeneous liquid is 
obtamed SOo + Ba ^HgCL^^SHBr -f- H3SP4 When this hqiud h 
distilled m, say, the apparatus depicted m Fig 114 , an aqueous solutioi^' 
of hydrogen bromide is obtained The reaction is reyersiblc, 8iilphiin(| 
acid IS reduced by hydrogen bromide forming bromme and sulphur io\id^ 
This helps us to understand why hydrogen bromide cannot be satisfaci 
tonly prepared by the action of sulplnmc acid upon potassium bromide*' 
as in the preparation of hydrogen chloride by the action of sulphunot 
acid upon potassium cblondo RHien the attempt is made, colourless 
hydrogen bromide is first given off, but the issuing gas imraodiatch-^ 
aoqmres a yellow colour, and then a broivn tinge, shelving that bromintf 
m also evolved. The issumg gas also cpntains sulphur dioxide Hcncd^ 
not only does the reaction KBr.^: H^SO^ = KHSO^ -f HBi take! 
place, but also the consecutive reaction 2 ffl 3 r -1- ILSO. = SO» + Hr t 
- 4 - 2H2q,_and the piothod is accoTdmgly impractioablo ‘ If dilute sulphuncf 
acjd bo employed ivith the idea of preventing an appreciable decom-^ 
position of the hydrogen bromide, the amount of hydrogen bromidol 
obtained is very small If phosphonc acid be used m place of sulphuric 
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acid becaaie phosphonc acid does not deoxidize so readily as sulphuno 
acid, the action — KBr + H-iPO^ = KH 2 PO 4 4iIIBr — is rather low 
, Properties — ^Hydrogen hronude Is a colonrl^ gas with a strong pene- 
trating smell It fumes m air It condenses to a liquid at —73® , and 
solidifies to a colourless sohd at —87° The gas is very soluble in water 
A solution saturated at 0° has a specific gravity 1 78, and the hydro 

gen bromide and water are 
approximately in the proportion 
HBr HoO 100 grams of water 
at 0° dissolve 221 grams of hydro 
gen bromide, and 199 grams at 
20® The acid containing 48 per 
cent of hydrogen bromide distils 
unchanged m composition , 
weaker acids lose much water 
until the constant boilmg acid is 
obtamed, which distils at 126° 
and 760 mm. pressure , more con 
centrated acids lose hydrogen 
bromide until the constant boding 
acid 18 obtamed Tivo ciystal- 
hno hydrates — HBr H^O and 
HBr 2 H 2 O— have been mode. 

Diy hydrogen bromide has no 
action on htmus Hydrogen bromide resembles hydrogen chloride 
very closely in chemical properties, but hydrogen bromide is less 
energetic Hydrobromic acid forms bromides in the same ^vay that 
hydrochloric acid forms chlorides Hydrogen bromide is more easily 
decomposed than liydrogen chloride At 800° decomposition is quite 
appreciable The gas is also slightly decomposed by exposure to sunlighh 
The composition of hydrogen bromide has been determined in a similar 
manner to tint of hjdrogen chloride 



§ 3 lodme 


Atomio weiglit, I _ 126 92 molecular weight, I. = 263 84 \aloncv 1 1 
0 , 7-\aIent Meltmg pomt 116 1® boilmg pomt 184 36® Specific gravit} 
01 the solid, 4 933 Vapour density, 253 84 (H- = 2), nnd 8 72 (oir = 1) 


ftstory In 1812, B Courtois, a manufacturer of saltpetre, near Pans, 
nsed an aqueous extract of vareo or kelp ^ for decomposmg the calcium 
mtrate from the mtre beds, os mdicated later on Oourtois noticed thrt 
nie TOpper vats m which the mtrate was decomposed were rapidly corroded 
by thehquid, and he traced the effect to a reaction between the copper and 
an unknown s^stance m the lye obtamed by extractmg the varec or kelp 
wa h water i On evaporatmg the aqneons extract of the kelp crystals of 
potassium sulphate first separate, then follow crystals of sodium sulphate. 


'’®®weeds ore washed on to the western 
^ Scotland and Franco The inhabitants ooUect the weed and 
“ teni^ture os po<wible The ash thus obtained 
13 colled Lflp in Scotland and rorre in Xormondj, 
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soamn. .Monde, ond atteneord. 

" ‘«toV the retort Ld >n tW 

J^vorm JhTform o! tedhonl eT^Whno plate Coo.lo.e 
hts discoveiy to OlAnent and D^ormes, ivho published some results 

new substance m 1813 A yeai Inter Gay-Lussac pubhshed 

anl^Lve and remarkable memoir on this now 

caUed lodmc— from the Greek lottHs (loeides). violet Gnj -,L ussm 
established the elementary nature of iodine, and demonstrated relation- 
tf ehlmme About the same time, H. Da^7 confirmed many of 

c^rcnc?^I^rco or kelp contains from 0 1 to 0 3 per cent of lodme 
The kelp derived from deep seas is nchcr in iodine than kelp from shallower 
narta lodmo also occurs in small quantities m sen water, sea plants, 
Li animals, m some land plants and animals, m codlivcr oil, m the 
thyroid eland of ammals, andm many mmeral springs It occurs com- 
bined mth silver m some Mexican ores, and in some Soutli American 
lead ores Most of the lodme of commerce is extracted from the motlieif 
houid remairang after the separation of sodium mtrnte from cahcho ni| 
Peru etc Cahche contains about 0 2 per cent of iodine, and the mother' 
hquid after the extraction of the sodium nitrate, contains 6 to 20 per cent off 

sodium lodate , „ i n , 

I — Miumfacture— The mother liquid remaining after the crystellwnt ion 
of the sodium nitrate from the aqueous extract of caliche is treated uith 
sodium bisulphite, which first reduces the sodium lodate to sodium iodide, 
and finally to free iodine 3NaI03 -|- SNaHSOj = 3NaHS04 -4- 2Nn.jS04 
+ HoO + L, The sohd iodine which separates is allowed to settle, washed, 
and pressed into blocks The impure lodmo so obtained is sublimed m 
iron retorts and the vapours condensed m a series of carthenwaie 


receivers 

Iodine IS extracted from the ash of seaweed by concentrating the aqueous 
^ ’ extract so as to remove alkaline carbonates, chlorides, and sulphates bv 
crystalhzation The mother hquid contaimng the iodides and some 
bromides is treated first with sulphuric or hydrochloric acid, and then mlh 
manganese dioxide On heating the mixture, iodine is liberated 2NaT 
+ Clj = 2NaCl -H Ij This is condensed m oai-thenwaro receivers arranged 
so that any water ^stilled over is condensed and drained off (A ton of 
kelp IS said to furnish 10 to 12 lbs of lodinoV 

Purification — Commercial lodmo always contains both chlorine and 
bromine in sohd solution To punfy the iodine, dissolve resubliined 
lodme in a concentrated solution of potassium iodide , and precipitate 
the lodme from the solution by adding an excess of water Wash and 
dry the sohd The dry precipitate is then intimately mixed uith 
potassium iodide and heated in, say, a beaker covered intli a glass 
flask kept cold by a current of water A onist of the purified iodine 
condenses on the bottom, outside the cooled flask Pure iodine has 
also been obtained by heating cuprous iodide to about 240® in a current 
of dry air 

Properties — ^At ordmary temperatures, iodine is a dark bluish-black 
crystallme sohd The rhombic crystalhne plates have a metalhc lustre, 
and a specific gravity of 4 933 at 4® Iodine vaporizes slowly at ordinary 
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temperatures, nnd it has n sliglit smell resembling chlorine It is verv 
sparingly soluble in uater 100 cc of a saturated solution at 2‘i° 
contain about 0 32 gram of lodme, and is coloured a famt bro>vn Tiio 
lodme IS much more soluble if potassium iodide be also present. Iodine 
IS fairlj soluble in many organic solvents — alcohol, other, acetone, obloro* 
form, carbon disulphide, benzene, etc. The colours of the solutions differ 
mth different solvents hj drocarbons, chloroform, and carbon disulphide 
give violet solutions , ulule alcohol, water, aqueous solutions of potassium 
iodide, and ether give brown solutions This is illustrated by the following 
evpenment Place a laj cr of carbon disulphide. A, at the bottom of a glass 
cylinder. Fig 115 , on this a layer of water, B, and above all, a layer of 
ether, C Drop some crystals of iodine into the C3linder Tlie lowest 
, layer will form a violet solution , water will give a yellowish- 
brown solution, and the ether a brown solution Many of 
the violet coloured solutions become brown when cooled to 
lyp ** low temperatures , and conversely, many brown solutions 
1 ] 21 B become violet when heated It is probable that free iodine 

rjil| is present in the violet solubons, and that the brown 

|li|A coloration is due to the formation of a compound of loduio 
inth the solvent In brown solutions of iodine in potassium 
jT iodide, for example, the lodme is supposed to form an 
unstable potassium tn-iodide, KIj — ^KI ■+• L^KI, Hus 

Fia 115 — salt has indeed been isolated in the form of dark coloured 
Colours of needle shaped crystals. It is probable that in this salt the 
pot^issium IS umvalcnt, and the iodine um- and tcrvalent, 
K— IssLj. In tlie salts RblCI^, Csl_, etc , the iodine appears 
to bo quinquevalent A great number of polyiodides and polybromides 
of the univalent csesiura and rubidium have been prepared, thev 
crystallize woD, and are more stable than the corresponding potassium 
•alts e g CsBrj, Csl^, Rblj RbBrj RbIClj, Csl^ NH4T3, etc 

Iodine resembles clilonne and bromine m its chemical properties, 
but it IS rather less eneigotio Clilonne can displace bromine from 
bromides, and both clilonne and bromuic can displace iodine from iodides. 
IChlonno can displace bromine from bromates, and iodine can displace 
'chlonne from chlorates 2KCIO3 + D = 2KIO3 + Cl_, Iodine, like 
chlonne and bromme, combmes with many elements, forming iodides 
When phosphorus and iodine are placed in contact, tlie phosphonis melts 
and inflames, forming either phosphorus tnodido, PI3, or phosphorus 
pentaiodide, Pig Antimony powder mflames spontaneously when it is 
shaken with lodme vapour , lodme and mercury also combmc encigotically 
when heated. 

Wlien m contact wnth starch, iodine forms an intense bhic coloration 
The reaction is dehoate enough to reveal the presence of 0 0000001 gnn 
of lodme per c c The blue colour disappears when heated to about 80°, 
but returns on coedmg The “ blued ” staroh is supposed to bo either a 
solid solution of lodme in the starch, or else an "addition” compound of 
lodme with starch 

y Uses — lodme is used in mcdiomc, the manufacture of dyes and orgamc 
compounds, in photography, apd m analytical ohomistiy 

Atomic and molecular weight — The combimng weight of lodme, deter- 
mined from the analysis of silver iodide and otlicr iodine compounds, 
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itvngcs fiom 126'70 to 126 93, aiid tho best icpicsontativo value ib supposed 
to bo 126*92 when ovygen is 16 This is tho shihllcst ataount of lodiuo 
in all knoivn volatile compounds containing lodino, and hcnco tlus umuber 
IS taken to be tho atomic weight of iodine This agrees vuth a two atom 
molecule, for the vapour density of iodine, at 600°, is 8 7 (air = 1) , 01 
126 9 (H = 1 ) The lowcrmg of tho freezing pomt and tho raising of tho 
boihng point of solutions of iodine m caibon disulphide ocotio acid and 
chloroform show tliat the molecular weight is neaily 264, conesponding 
with Ig 

IVhen lodmo vapoui is heated above 700° its density dinurashcs 
steadily up to about 1700°, when it becomes constant at half its value at 
the loner temperature Thus tho theoiotical density for L, is 8 78, and 
for I, 4 39 

Temporatnro 480“ 866® 1043® 1276° 1300° 1468° 

Vapour density 8 74 8 07 7 01 6 82 6 27 6 00 

Dissociation 0 8 6 26 0 60 5 66 2 73 1 por cont 

Without doubt, the iodine molecule, L, dissociates into atoms I , 
= 1 + 1 I^latcd phenomena will bo ^soussed later 


§ 4 Equil ibnum , and the Kinetic Theory of Chemical Action,’ 




When a miicturo of equal volumes of iodine and hv^ogen gases »q 
passed through a red hot tube, or, better, over finely divided platmuni, or 
platinized asbestos. Fig 112 , 01 chaicoal, some hydiogcn iodide, HI, is 
fomed. If hydrogen iodide gas bo treated in a similar way, some lodnio 
1 j mo produced In either Case, if tho tcniporntuic of the tube 

he 4^ no have appioximately 80 pei cent of hydrogen lodido, and 20 
pel cont of a mixture of equal volumes of iodine and hydrogen The bid v 
apparent effect of tho cataljdio agent— platimved asbestos, etc— is to 
accelerate the leaotion, and if these agents bo absent, tho tinio reouiied 
to make 80 per cent of hydiogcn lodido from tho inixturo of Iiydrogen 
and lodme IB much longer Onoo this proportion of hydrogen iodide S 
been formed, the composition of tho cat gases lemains unchanged houcvoi 
tongtoe mixture may bo heated at 440°, n^th 01 nithout thc'catalX 

Bmolecular reactions — ^Wo may now extend our pievious studv nf 
opposing reactions. Ih the bimoleoular reaction ^ 

A + B^M + N 

respectively denote tho concentrations of tlio substoiiPeq 
A and B, expressed m gram-molooules per hire Sumlarlv W 
lespectively denote tho concentrations of M and N \Vr>^u 
found that the speed of tho reaction s ^oual to fbu r, i 7 prcinously 
or force dnvmg the reaction Tan? Si 4 

K A and B arc tho same, so that wo have 2A ^ M -l n 

i‘^r'iroomtctw?Wo^^^^ ^’ydrogiii 

at any m,tant b„ ropon^ntedby ^ 4 . and'^at tltoH 
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ratioliuii by L'CiGn When equilibrium occurs, the speeds ol theso tivo 
loaotions aiu the same, and therefore vro have the condition of 
equilibrium 

Whi = I'G^Gi 

L Ojii 

At 440°, when the system is m equilibrium, ncaily 20 per cent of the 
hydrogen iodide will have dissociated Hence 

440® 

(80 per cent ) 2HI 5=^ IL + D (20 l>or cent ) 

This means that if 100 molecules of hydrogen iodide be heated to 440° in a 
closed tube, 20 will have dissociated when the system is in cquihbnum 
Hence Gjn = 80 , C^ = 6400, andC, = Cn = 10. Hence 

or (7|i = 64£7nCi 

Tliib means that at 440°, uhen the concentration of the hydiogcn and 
in^no IS unity, those gases wll combine 04 times ns fast as hydrogen 
iodide of unit concentration mil dissociate, p 97 It will bo observed that 



Moloculos approach Molecules ooUido and react Now molecules sopitrato 


l<^a 116 — ^Imagmoiy Bepresontations of the Reaction I. -f H; = 2H1 occorduig « 

to the Kinetic Theory 

each of the direct and reverse roootions is a bimolecular reaction becaufio 
two molecules are mvolved m eaeh reaction 

The kmetic theory of chemical action — ^The kinctio theoiygivcs an 
interestmg view of chemical action Imagme a vessel filled with a mixture 
of equal volumes of lodme and hydrogen gases. The molooules of hydrogen 
and lodmo mnst be oontmually oraslung together A certain proportion of 
these colhsions will result m chemical change In the earlier stages of 
the reaction, the number of collisions per second between the hydrogen 
and iodine molecules will be relatively great, but later, as the hydrogen 
iodide accumulates, the number of colhsions between tlio hydrogen and 
lodme molecules will become fewer and fewer, and accordmgly, the speed 
of formation of hydrogen iodide will become loss and less FoUownng a 
plan first used by G Martm, Fig 116 may bo employed to illustrate a 
chemically fruitful collision between a hydrogen and an iodine molecule 
Similarly, when two hydrogen iodide molecules crash together, a certain 
proportion of the colhsions Anil result m a dissociation, so that an lodmo 
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and a hydrogen molecule will result At first, the number of collisions 
■wiU he few and far between, but, as hydrogen iodide accumulates in the 
system, the number of colhsions between these molecules wll increase 
j^ally, when the number of chemically fruitful colhsions per second 
between the iodine and hydrogen molecules is equal to the number of 
chemically fruitful collisions between the hydrogen iodide molecules, the 
system AviU subsequently undergo no perceptible change Obviously, 
this docs not mean that chemical action has ceased Every time the 
proper molecules colhde, hydiogen iodide -vnll be formed or dissociated 
Both changes proceed with the same velocity, and consequently the com- 
position of the gas as a whole does not alter As previously emphasized, 
equihbrium is not a state of tranquilhtj' and repose Equihbnum is 
dynamic and active, not static and passive 

Dissociation and combination are partial and incomplete — As the 
temperature rises the average velocity of the molecules of a gas becomes 
greater and greater Although the average velocity of the molecules of a 
gas IS constant at any temperature, the velocities of tndtudval molecules 
must Vary considerably because of collisions, etc It is po'^siblo that 
colhsions between the faster moving molecules of hydrogen iodide, alone, 
result m dissociation 2HI = Ij -{- Ho , and that colhsions between the 
slower moving molecules of hydrogen iodide do not produce dissociation . 
similarly, it may be that colhsions between the slmur moving molecules of 
hydrogen and lodmc alone result in the formation of liydrogen iodide , 
and colhsions between the fastest molecules do not lead to chemical action. 
Hence wo can see how but a “ certam proportion ” of the colhsions aro 
chemically fruitful This view of the reaction leads to several other in- 
teresting inferences, but smee direct proof of the fundamental h 3 T)otlicsiB is 
wantmg, sufficient has been given to indicate the trend of modem thought 
action of stimulants contact action — ^Tlie speed of dissociation 
of hydrogen iodide at 618° is augmented threefold by roismg the piessuro 
from 0 5 to 2 atmospheres The tremendous condensation of gases on the 
surfaces of such substances as platinized asbestos, platinum black char- 
coal, etc , shows that gases near the surfaces of these substances must bo 
very ve^ concentrated, E Mitscherhch (1843) estimated that gaseous 
carbon diomde condensed on wood charcoal in laycra about 0 005 mm 
^ick, and the gaseous layer is nearly as dense as liquid carbon dioxide 
Hence it follows that the concentration of the molecules of one or both 
the reactmg gases must bo very great near the surface of the catalytic 
agent, and acwrdmgly, the total number of collisions, and the number 
of chemically fruitful collisions m unit time wjU be augmented This 
TnT 2!“'^ formation and dissociation of hydrogen iodide 

be sti^ated in the presence of such substances as platinized asbestos 
etc In ot^r words, these substances act as catalytic agents ’ 

A cat^ytic agent can alter the speed of a 4emical artion ,f 

cannot alter the condition of equihbnum ^Althoimb iim « ’;i 

chemical reaction is modified by the presence of a 
final state of equihbnum is not affected If otherwise ^ 
these substances to react alternately with and without tbo Zt i 
this would involve a change in the ouankL *"6^ 

thus obtamed could bo made to do work ^ This woSd^ln^^ 
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has boon confirmed experimentally wth hydrogen iodide with and wthout 
platinum black 

Ummolecular reactions — ^The last example is instructive The state 
of the ^stem in eqmlibnum ■mil he represented by hOi^ = UCl If x 
denotes the proportion of iodine dissociated, and v the volume of the lodmo 
vapour, then, since v volumes of lodmo -vapour becomes 2i; volumes of 
dissociated iodine vapour, it foUoirs that the coneontration of the dis 
sociated lodme will be x/v, and of the undissooiatcd iodine (1 — x)Jv Hence 
for equilibnum 


t> \v/ 


or A' = - = 

i' (1 — a:)i; 


In every giam-molecule of iodine (Ij) at 1045®, 0 25 gram molcoulo will 
be dissociated , hence, ar = 0 0626 , 1 — ar = 0 76 , and A = 0 0833/r 
To evaluate t>, remember that one gram molecule of iodine vapour at 0® 
and 760 mm occupies 22 3 hties , and at 1043®, 107 6 litres oiis quantity 
of gas contains 0 25 more molecules of lodmc because of dissociation, and 
hence its volume is 107 6 + i of 107 6 = lS4 4 litres Heneo K = 0-0833 
— 134 4 = 0 00062 , or i b* = 0 00062 1 , or 1 1600 (nearly) Otherwise 
expressed, = 1600 C\, that is, the atoms of iodine -vnll unite 1600 times 
as fast as the molecules dissociate under such conditions that unit con- 
centration of each is present, p 268 The dissociation of iodine molcoulo 
is a ummolecular reaction bcoauso one molecule is ooncomed in the 
reaction , and the fonnation of the two atom molecule by the umon of two 
one atom molecules is a bimolcoular reaction because tivo molecules ato 
concerned in the process 

We have just seen that according to the kmetio thcoiy, the avorage 
velocity of the molecules becomes greater and greater ns the tomperatnro 
rises, and that although the average velocity is constant at any particular 
temperature, the velocities of individual molecules must vaiy considerablv 
because of collisions, etc The velocities of the faster momiig molecules 
may finally become so great that the crash, on collision, diqilaces the 
atoms from them position of equihbnura in the molecules. Rise of 
temperature not only accelerates the movements of translation of the 
molecules themselves, but it also mcreascs the velocities of the cholic 
motions of the atoms ■withm the molecule The atomic movements may 
become so -violent that the atoms of one or both molecules are thrown 
out of the sphere of one another’s attraction when the suiftcr molecules 
colhde In other words, the molecules may bo dissociated The dissocia 
tion of the whole gas is only partial, because -the faster moiung mole 
^les break do-wn first MTien the one atom iodine molecules colhde, 
they enter the sphere of one another’s attraction, and, if the velocities of 
the colhdmg molecules be not too great, the atoms romam in contact 
reforming a two atom molecule As before, when the speeds of dissocia- 
tion and re combmation are equal, the system is m cquihbnum 

The relative frequency of um- and bi-molecular reactions —Urn 
and bi molecular reactions arc very raueli more frequent than more 
comiilex reactions mvolvmg throe or more molecules The number of 
binary collisions per second must be very much greater than the number 
of simultaneous colhsions botueen, say, three molecules l^Tieii several 
molecules arc involved m a reaction, the reaction must therefore bo (1) 
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extremely slow, or ( 2 ) one or morff intccraediato reactions are involved — 
one molecule, for instance, may umte with another molecule and the pair 
(mtermediate compound) later colhdes and reacts with a third molecule 
(see "consecutive reactions”), or (3) the reaction takes place in the 
incmity of a boundaiy layer where the reacting molecules form a dense 
layer and are comparatively close together (see ‘ contact action,” above). 


4e9 *so’ 


§ 5. The Effect of Temperature on Eqmlibnum — The Principle of 

Reversibility 

The proportion of hydrogen iodide dissociated decreases uith nse of 
temperature so long as the temperature does not exceed about 320° , above 
that cntical temperature, the lugher the temperature, the greater the 
amount of hydrogen iodide dissociated. This is illustrated by the giaph, 
Fig 117 The thermal value of the reaction changes sign at about the same 
cntical temperature , for instance, at 18°, the umon of hj'drogen and iodine 
IS an endothermal reaction Ho + ^2 = 2HI — 6 1 Cals , and at 520°, 
exothermal Ho + 13 = 2HI + 44 Cals Experience shoirs that a rise 
of temperature always favours endothermal 
reactions, and opposes exothermal reactions. ^ soi 
When a eystem ta in physical or (diemicalx^ 
equilibrium, a rise of temperature promotes] ^ gf 
the formation of those products which ara ^ 
formed with an absorption of heat , a nse ofl gg 
temperature resists the formation of 
products formed with an evolution of heat i fe 75 
and a change of temperature has no effect om s 
the equilibrium of reactions thermally neutraU ^ 

~J - H yan't Hoff’s equilibrium law (1884) w 

Some examples of tli{s‘Ew'irav 6 "bfeen pre- Temperature 

viouslymdicated The law is simply a special __ 

case of the great prmciple of reversibility Sic of H^dSgeS 

If an exothermal reaction becomes endo Iodide ^ ° 

thermal at a high temperature, we have the 

cunous paradox discussed previously A compound may be stable at tem- 
peratures exceeding that at which it dissociates The case of hydio- 
gen iodide is particularly mstructive The change in the thermal Value 
of the reaction corresponds vnth. a change m the effect of a nse of temnera- 
toe on the equihbnum aTie principle apphes to physical eqinhbna 
When anhyi^oim sodi^ sulphate is dissolved m water, heat is evohed ] 
and Its solubihty IS dimmished with a nse of temperatures , hydratoJ 
dissolves m water with an absorption of heat, and its 
Bolubih^ increases witii nse of temperature The vaponration of uat3 
reaefaon, and hence a nse of temperature favours vapon- 
zation, foyt increases the concentration of the vapour phase ^ 

on equilibna -The principle is also applicable 
with other forms ^energy Thus when a system is tn a state ofvhmical 
or cUnneal equilibnum, an increase of pressure favours the sysknf TnTed 
with a decrease in voluim , a reduction of pressuri favours the m,sten/S^ 
with an increase in volume, and a change of pressure Us 
system formed without a change in vohme~G Robin’s law (187^ Tims 
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hydrogen iodide is formed from hydrtigen and lodmo 'without a ohango 
in volume, and the state of, equihbnum is not affected by variations of 
pressure When loe melts, the hquid occupies a smaller volume than an 
equivalent amount of ice , experiment shoivs that the melting pomt of 
ice is lowered by pressure m agreement with the law With sulphur the 
converse is true The mcltmg pomt of sulphur is raised by pressure, but 
the hqmd phase has a greater sjiecifio volume than the sohd phase 

The prmoiple is of wide apphoation It says that natural changes 
take place m such a way that the existmg state of thmgs suffers the least 
possible change This has been called “ the prmciple of the opposition 
/ of reactions to further change,” or, »/ o syetem tn physical or chemical 
equilibnum he siibjecUd to a stress involving a change of temperature, pressure, 
concentration, etc , the state of the system will auiomaitcally tend to alter so as 
to undo the effect of the stress — H le Chatelier’s law (1888) For mstanoe, 
if the temperature of a system m equihbnum be raised a few degrees, the 
state of the system will change so as to mduce the formation of that com* 
ponent or phase wluoh absorbs most heat, and accordmgly tend to lower the 
temperature If the reaction be exothermal, the change will proceed 
in the reverse direction , and if the reaction be endothermal, the 
cystem will change m the same direction Agam, if the pressure of the 
dissociatmg lodme 

I 2 = 21 

1 vo] 2 \ ols 

bo increased, the state of the system will change so that the volume is 
diimnished , and conversely, if the pressure be reduced, the state of the 
system wiU change so that the volume is increased, that is, the less the 
pressure the greater the amount of lodme dissociated. In the case of 
solutions, an increase of concentration will mduce the formation of that 
component or phase which will lower the concentration of the solute 
added , and an mcrcose of vapour pressure will lead to the formation of 
that component or phase which wiP reduce the vapour pressure, etc 


§ 6 Hydrogen Iodide — Hydnodic Aad 


Molocnlarwoicbt, HI = 127 93 Melting pomt, —60 8”, boilmg pomt, —34 1° 
Vapour density (H- = 2), 127 67 , (air = 1) 4 44 Specifio gravitj of hqmd, 2 27 
at 12'’ 


Hydrogen iodide — ^As m the case of the correspondmg bromme com- 
pound, hydrogen iodide can bo made by the direct combmation of lodme 
and hydrogen It can bo made by the action of iodine, on certam orgamo 
compounds — colophomum (ream), copaiva oil, etc. It is also form^ by 
the action of hydrogen on silver iodide cannot bo made satisfactorily 
by the action of sulphuric acid upon potassium iodide Phorohonc acid, 
m place of sulphunc acid, gives very fair results Gaseous hydrogen 
iodide IS usually made by the decomposition of phosphorus iodide by the 
action of water This is done by mixin g red phosphorus and lodmo m a 
dry flask, and gradually oddmg water from a droppmg funnel to the 
products of the reaction This is a modification of the process employed 
for the preparation of hydrogen bromide rendered necessary, because 
bromme is hquid, and iodine sohd Free lodme is removed from the gas 
by passing the hydrogen iodide through a tower of red phoEtphorus, and 
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the gas can bo dried by passingfll through a tube conl'aimng calcium 
iodide Hydrogen iodide cannoF be collec^d over mercury because the 
mercury is attacked , it is usually collected by tlio upward displacement 
of air 

Hydnodic acid — ^Thcterm “hydrogen iodide” is reserved for the gas, 
and hydnodic acid for the aqueous solution An aqueous solution of 
hydrogen iodide can be made by the followang process 

Add about 3 p rams of jiowdercd lodrno to 260 c c of ivatcr in a 500 c c flask 
ond pass a stroam of hydrogen sulphide slowly into tho mixture In a feu minutes 
oil the lodmo will ha\o dissolved owmg to tho reaction HiS + Ij =r S + 2HI 
Add more powdered iodine, and continue the passage of the gas Repeat tho 
operations until about 20 g rams of iodine hav e licon added Transfer 30 grams 
more lodmo — 60 grams in all — to the flask In about half an hour tho iodine 
nill all have dissolved in tho hydrogen iodide alrcadj' formed Contmuo passing 
hydrogen sulphide until the brown colour of tho solution disappears, showing 
that ^ the lodmo has boon transformed into liydrogon iodide Pass n rapid 
stream of corbondiOMdo or hydrogen tlirough tho warm solution to drive oft the 
hydrogen sulphide Shake tho solution to coagulate tho sulphur , and romov o 
the sulphur from tho solution by filtration through glass nool Tho solution 
can bo further punfiod by distillation, collect tho fraction which boils between 
126" and 130" This solution contains about 60 per cent of hydrogen iodide 
A more concentrated solution con bo made bv passing gaseous hydrogen lodidi/ 
vrater, or, bettor, into a solution of hydrogen iodide mode ns yust^ 

cicscnucci 


Properties Hydrogen iodide is a colourless gas ii Inch fumes strongly m 
air It condenses to a colourless hquid kt 0“ under 4 atmospheres pressure 
This boils at —34 14 , and freezes to a wlute solid which melts at —60 8“ 
O^e gas IS veiy soluble in W'atcr one volume of water at lO** dissolves 
about ^6 volumes of hydrogen iodide The solution fumes strongly in 
an, and it has acid propertira Tho aqueous solution, contaming 67 per 

>• undimlri 

m composition , weaker acids become stronger, and stronger acids become t 
w^ker on boilmg until tho 67 per cent acid is obtained, ivheii the solution 
unchang^ m com^sition Hydnodic acid is colourless' when 
S^+hft prepared, but the sohrtion soon turns brown owing to the oxidation 


§ 7 Iodides and Bromides. 

Hydnodic acid resembles bydrobromic anil ^ 

forms salts-iodides The chlondes hkewise lesomWo ^ 0 ° '""1 

bromides, and they all can be pronared bv ^ iodides and 

iodides when heated 

f« .odmo Tho .oa.“ ° 

and potassium chlonde, can be prepared by by 
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tho action of tho corresponding acids upon the hydroxides or ^ibon^M , 
by the aotion"of'the elements on solntions of the hydrosadiT TOllflw'eo^y 
evaporation to dr 3 Tiess and subsequent ignition to decompose the oxysalts. 
The iodide is prepared by the followcng process (using bromine m place 
of lodmo if tho biomido is wanted) 


Add 26 crams of lodino in small quontities nt a tune to n nii-rturo of 60 o o of 
Xvatet with 7 grams of iron, turning in n flnsk with constant natation \\ arm tho 
murturo until the iodine has formed a yellow solution of forroiM iodide, yeJ- 
Decnnt oH the clear solution and mix it with 6 grams more of iodine in order to 
bonvert the ferrous salt to feme iodide Warm tho mixture until oil the iodine 
Isllissohed and pour it into a boihng solution of 17 mams of pot^um carbonate 
in 60 0 o of water Tlio precipitate beoomes flocculont after it has teen heated 
for some time Tost tho clear solution to moke sure that it is free from iron, if 
not, add more potassium carbonate to the boiUng solution Evaiiorato the clear 
solution for cubic crystals of potassium iodide ^ 


Potassium iodide and bromide are readily soluble in water, and 
crystallize m cubes 100 o c of water dissolve 36 grams of potassium 
chloride, 65, potassium bromide, and 144, potassium iodide at 20° 
Potassium iodide and bromide are used in mediome and m photography 
Sliver iodide, Agl — ^This salt is formed by dissolving silver m con- 
centrated hydtiodio acid, or by treating silver nitrate mth a soluble iodide 
Silver iodide is a yellow orystalhne sohd , it absorbs gaseous ammoma, 
forming a compound 2AgI NH-j, which decomposes on exposure to air 
into ammonia and silver iodide Sdver bromide, AgBr, is a pale yellow 
sohd formed like tho iodide with hydrobromio acid, etc It dqes^not 
absorb gaseous ammoma like the ohloride and iodide Silver bromide is 
decomposed by ohlormo, and at 100° by hydroohlorio acid. At ordinary 
temperatures, hydrobromio acid converts silver chloride mto silver bromide 
The reaction is reversible AgCl HBr ^ AgBr -J- HCl When either 
silver bromide or silver chlonde is treated ivith hydriodio acid, or potas- 
sium iodide, silver iodide is formed This is due to the fact that silver 
iodide is far less soluble than the other salts, and consequently separates 
from the sphere of the reaction Tho solubihties of those silver salts m 
water and m ammoma are as folloivs 


Tadi e XII —Solubilities of Siixtst Salts 


One litre 

AgP grms 

) AgCl grms 

! AgBr grms 

1 Agl grma 

Water at 20® 

1818 

0 0016 

0 000084 

1 0 0000028 

Ammoma, 6 per cent 
Ammoma, 10 per cent 


23 

0 114 



78 i 

3 67 

1 0-036 


Silver bromide, like silver chlonde, is very sensitive to bght, and is 
largely used m dry plate photography 

Cuprous iodide, CuL — ^When aqueous solutions of potassium iodide 
and a copper salt are mixed together, it is possible that cupno iodide, 
Cnl^, IS formed CUSO 4 -f- 2KI = Culj + K 2 SO 4 , but tho product is 
so unstable that it mstantly decomposes ii\to almost colourless cuprous 
iodide and iodine 2Cul^ — 2CaI -}- The beginning and end of tho 
reaction are thus represented 2 CUSO 4 + 4KI = 2CuI -(- Ij -f 2 K 2 RO 4 
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This reactiott is used in the determination of copper , and for separating 
iodine from clilondes and bromides, smce the two latter salts do not give 
a cuprous salt imder these conditions 

Mercuric iodide, Hglj — Wlien a solution of meicunc chloride, HgCL, 
IS treated with a solution of potassium iodide, a yellow precipitate is 
obtained iihich changes in a few seconds to a scarlet colour The scarlet 
iodide IS also made by rubbmg 2 parts of mercury with 2 64 parts of 
iodine wetted with alcohol in a mortar Mercuno iodide is but spanngly 
soluble m water, but it is fairly soluble in alcohol and in nitric acid It 
readily dissolves in an excess of mercuric iodide, and in an excess of potas* 
srom iodide A solution of mercunc iodide in potassium iodide, made 
alkahne mth potassium or sodium hydroxide, is called Nessler’s solution. 
It gives a yellow or brown coloration m the presence of ammonia, according 
to the amount present Tins coloration is a dchcatc test for ammoma 
Mercunc iodide is dimorphous If the red tetragonal crystals bo lieated 
above 126®, they change into yellow rhombic crystals, which reform tho 
ongmal red iodide on coohng If the 3 'eHow iodide persists at ordmary 
temperatures, it rapidly changes to the scarlet iodide when rubbed mth a 
glass rod 

126 “ 223 “ 

Mercunc iodide melts at 223° to a red hquid, and a part subhmes, 
formmg yellow rhombio needles Mercurous iodide, Hgl, is formed 
when mercuric iodide or iodine is rubbed up with the right proportion of 
mercury m the presence of a httlo alcohol It is also formed when a 
soluble mercurous salt, say mercurous nitrate, is mixed with a solution 
of potassium iodide It is a grwnigh coloured powder slightly soluble 
m water Tlie solution decomposes on standing, particularly'^ if heated, 
forming mercuiy and mercuric iodide 


§ 8 Calaum Fluoride 

Calcium fluoride, fluorspar, or fluonte occurs in veins very fre- 
quently associated with lead ores, and sometimes by itself In tho 
Lraratone caves of tho Matlock distnct, Derbyshire, veins of fine crystals 
exposed In Dorbyslurc tho mineral is called “ blue 
pAn or DCTbyshire spar Fluorspar also occurs in many other distncts 

cubic^stem, and the mmcral occurs m cubes, 

colourless, or tinted 

red, brown, yellow', green, blue, or violet by traces of contaimnatinc: 
metaihe oxides, etc Some of the crj'stals are very pleasinc and such 
are used for ornamental purposes, jowellely, eCc 

T+ crystals become luminous— fluorescent— when heated 

It has been proposed to mix this mineral with the carbon used for are 
hghtmg so as to morcase the luminosity of tho air an/i 
current consumption When heated to 5>out 902® fluSar 

lire.- ss-SS 
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“ EJussspath ” Fluorspar is used as a flux m metallurgy , and m the 
manufacture of glass, enamels, and glazes 

No gas IS evolved when fluorspar is melted, but if fluorspar be strongly 
heated m an oxidizmg flame, on ohareoal, a pungent acrid smell, resembbng 
hydrogen ehloride, ean be deteeted by bringing the nose near to the ehar- 
coal The fumes redden blue htmus, and if the residue bo moistened -with 
water and tested ivith red htmus, the paper ivill turn blue IVhen fluor- 
spar IS mixed with sulphuno acid in a test-tube, no poreoptible action 
occurs, but if the mixture be heated, a gas is given off and the glass is 
strongly corroded, shelving that the gas developed by the action of hot 
sulphuric acid on fluorspar decomposes glass. The gas also attacks porcc 
lain, zmo, copper, silver, etc , but it docs not act very markedly upon lead, 
gold, platinum, iiax, paraW, and rubber The three latter Mill not 
stand heatmg, and consequently the further mvestigation of this gas — 
the “ spirit of fluorspar ” — hydrogen fluoride, must be conducted m lead, 
gold, or platmum vessels 

§ 9 Hydrogen Fluonde — Hydrofluoric Acid 

Molooular weight (over 00”) HF =■ 20 01 Molting point, —02 3“ , boihng 
point, 10 4® Spooifio gravity of the liquid at 12 8®, 0 088 Vapour density 
(H. = 2) over 90®, 20 68 

Manufacture of hydrofluonc acid — ^An aqueous solution of hydro- 
fluonc acid is manufactured m the following manner The best quality 
of powdered fluorspar, free from sihca, is gently heated to about 130° 
with concentrated sulphuric acid in a cast-iron pot with a cast-iron cover 
dipping mto an annular trough and sealed with concentrated sulphuno 
acid The reaction is represented CaFj - 1 - H 2 SO 4 = CaS 04 2HF Tlio 
cast iron retorts are provided with a senes of leaden boxes as condensers 
Those contam water or dilute hydrofluoric acid to absorb the gas from the 
retorts The condensers are submerged m water to keep them cool, and 
the acid so obtained is collected m leaden bottles Hydrofluoric acid is 
placed on the market m leaden, guttapercha, or wax (cerasme) bottles 

Hydrogen fluonde — ^If potassium carbonate bo neutrahzed with hydro 
fluonc acid, and then evaporated to dryness, potassium fluonde separates 
m cubic crystals readily soluble in water If the potassium fluonde bo 
dissolved in hydrofluonc acid and evaporated, crystals of the double salt 
potassium hydrogen fluonde— KF HF — are obtamed. Ihis double salt 
IS also called “ acid potassium fluonde,” “ potassium bifluonde,” and also 
Fremy’s salt If this salt bo dned by fusion m a platinum retort, and the 
platinum retort bo then connected with a long platinum tube and platmum 
bottle immersed in a freezmg mixture, the double fluonde decomposes 
when heated to redness KHP, == K F + HF, and the anhydrous hydrogen 
fluoride IS condensed to a liqmcC Anhy&ousTiydrogen fluonde can also bo 
prepared by passing dry hydrogen over dry silver fluonde, and coohng the 
products of the reaction so as to condense the hydrogen fluoride to a hqmd 
- Properties — ^Anliydrous hydrogen fluonde is a hmpid hquid wluoh 
fumes strongly in air It is veiy poisonous and dangerous to manipulate 
It forms ulcerated sores if a drop comes m contact with the bViti J Nickles, 
of Nancy, died m 1869 from accidentally breathmg the vapour of this acid 
while trying to isolate fluorme The metals potassium and sodium dissolve 
m. the pure acid, f ormmg the oorrespondmg fluondes and hydrogen The 
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liquid acid boils at 19 6“, and freezes at —102 6° The oiystals melt at 
—92 3 Hydrogen fluoride is very soluble m water, forming a coitosi\o 
hquid which readily dissolves many metals with evolution of hydrogen 
Fp 4- 2HP = FeEg + H2 Silver and copper also dissolve m the acid 
If the acid be more concentrated than about 43 per cent HP, it vnll become 
weaker on boihng , and if more dilute, the acid becomes stronger on boiling 
imtil an acid containing about 43 per cent of HF, boilmg at 1 1 1® (760 mm ), 
IS formed This distils unchanged m composition 

Etching glass — Silicon burns m hydrogen fluondo, fomung a gas, 
silicon fluoride SiF^, and hydrogen Hydrogen fluonde attacks quartz and 
sihccous substances, glass, etc , also forming silicon fluoiide SiOj 4- 4Hr 
= S1F4 + 2H^O Hydrofluoric acid is used m the analj sis of "silicates 
When most sihcatcs are repeatedly evaporated with hydrofluoric and 
sulphuric acids, all the sihca is volatihz^ as sihcon fluondo, etc , and 
the residue of sulphates can be examined by the standard methods One 
of the most important properties of hydrofluoric acid is its etching action 
on glass Glass may be etched -with the gas or with an aqueous solution 
of the gas Li the former case, the etching appears opaque and dull , 
m the latter case, shming and transparent For etching, the glass is 
covered with a film of wax, and the design to be etched on the glass is drami 
on the waxed surface ivith a stylus , or else the parts of the gloss not to 
be etched are coated mth a resistant varnish The surface is exposed to 
the action of the acid or gas, and very soon the glass is etched Tlio wax 
or varnish is then ivashcd off with turpentine Tlie coirosivc action of 
the hydrogen fluondo is due to tho ready decomposition of the glass m 
contact ivith hydiogen fluoride Tho silica forms sihcon fluoride Tlio 
process is used for marlong the scales on glass mstrunients 

Etching tests for fluondes — Li testing for fluorides, the substance 
under examination is warmed with sulphuno acid m a leaden vessel covered 
with a watch-glass Tho watch-glass is coated with wwx, and a desinn ffi 
is scratehed with a pm 01 knife, so as to expose the glass to the action S 
the acid The wax is afterwards removed, and if the design is etched on 
the glass, fluorides wore present ° 

Composition of hydrogen fluoride— G Gore (1870) measured tho 
volume of liydro^n required to form hydrogen fluoride w'hen heated with 
silver fluondo + 2AgF = 2HF -j- 2Ag He found that 100 imlumes 
furnished 200 volumes of hydrogen fluoride, and hence inferred 
that hydrogen fluondo contains half its own volume of hydrogen and half 
its own volume of fluorine Tlie formula is therefore H F TUa m 

at 100- corroaponda ™th tho molt Jo OT? flf ia 

at loTOr tomporataroa ton 80" show, that to molooilo poS.™ 

h^Jtogon'flnoiido at 214° 

tem^mtnro naos, ntftil, at’ 90°, it is’ 2r68 ‘’'TC»’'i'ihSfd b ' l!‘° 
gmph. Fig 118 The lower number corresponds wth nS! ^^ 
m Honoo, at 90°, hydrogon fluondo SZ^^,”aSt 
tomperatuns to moloonlo polymonzos to H.k ^ 

nothmg to show what the molecules are Thev m/tu i, -at ever, 

H,P3, oto The laota oZ 
gaseoua hydragen flaondo k a mTio ot 

where to value, areuuknown SmularSteaSiarued 
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by lowering the pressure, keeping the temperature constant, at, say, 32° 
The effect of hydrogen fluonde on the freezing pomt of water corresponds 
ivith the molecule H2F2. 

Fluondes — The fluorides are made by the action of hydrofluoric acid 
on the metals, metallic oxides, hydroxides, carbonates, etc Most of the 

fluorides are soluble in water Silver fluoride, 
AgF, for instance, dissolves in about half its 
weight of ivater, and in this respect differs 
from the corresponding chloride, bromide, and 
iodide The solution of silver fluonde in 
water is alkahnc to htmus, and hydrates 
AgFHjO or AgF2H20 separate as ciystals 
when the solution is concentrated The 
fluorides of the alkaline earths — calcium, 
barium, and strontium — are ^eIy sparingly 
soluble, so also is yttnum fluoride Tlio 
fluorides also usually unite witli hydiogen 
fluoride, formmg the so called acid fluondes, e g potassium hydrogen 
fluonde previously described. The graphic formula may be K — F — ^F — ^H, 
or K. — F=F — Similarly, the fluondes also unite ivith one another, 
formmg double salts, e.g the double fluonde of alumimum and sodium, 
AIF3 3NaF or cryolite The graphic formula for oiyohte has been wntten 

and also Na-F = P-Al<^=^~^J; 
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1 18 — Vapour Denaitj of 
Hydrogen Fluonde 


uhcie fluonno is supposed to be either bi- or tor-valent Tlus curious 
property of fluorine is also illustrated by the polymerization of hydrogen 
fluoride at ordmary tcmperatuies. 

Aluminium fluonde, AIF3 — ^Tho anhydrous fluoride is mode by the 
action of gaseous hydrogen ohlondo upon a mixture of calcium fluonde 
and alumina heated uhito hot m a graphite tube The aluminium fluonde 
volatilizes, and calcium chloride remains behind 3CaF2 -f AI2O3 -f 6HC1 
= SHgO + SCada -h 2AIF3 It is also made by the action of silicon 
fluonde, SiF^, upon alumina The oiystalhne hydrate, 2AIF3 7H,0, is 
made by dissolving alumma or the metal in aqueous hydrofluono acid. 
As indicated above, alumimum fluonde combines with alkahne fluondes, 
forming double salts Thus, sodium alumimum fluonde, AlFg 3NaF, 
IS made by digestmg alumimum hydroxide, A1(0H)3, with so^um fluonde 
The salt occurs native m South Greenland as a white, glassy, orystalhno 
solid which resembles clouded ice m appearance, hence the name cryolite, 
literally “ ice stone ” — ^from the Greek Kpvos (kryos), ice , KiOot (hthos), 
stone Cryohte melts at about 977°, and it is used as a flux It is also 
used in the manufacture of alum and alummium salts, sodium salts, 
hydrofluono ooid, and the fluorides Cryohte is not now used as a source of 
alumimum metal 


§10 Fluorine 


"Atomic weight, F= 10, moloculor weight, F. = 38, um or tn-velent 
Melting pomt, —233° , boiling pomt, —187° , \aponr density (H. = 2), 37 7 { 
(nir = I) 1 31 , specific gravity of liquid 0 988 at 12 8° 

Occurrence — Fluorme does not occur free m nature, but its com 
poimds are indely distnbuted, though not abimdantly, in such minerals 
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as crjolite, fluorspai, etc Small qiiantiticb occur ui some of the micas, 
topaz, tourmaline, etc Traces occui m sea-water, some mineral springs, 
bones, teeth, blood, milk, plants, etc 

History — ^The fact that glass is attacked when exposed to the fumes 
produced when fluorspar is warmed wtli sulphuric acid was knowm to 
Sohwankhard nijfl70, and in 1771 K.W ^cheele stated that fluorspar is 
thT’caicmm~salt of “a pecuhar acid ” — ^fluonc acid He prepared this 
acid by heating fluorspar with sulphunc acid in a tm retort J L Gay- 
Lussac and J Th 6 nard ( 1807) prepared anhydrous hydrogen fluoride, 
and, following Lavoisier’s school, considered fluono acid to bo a com- 
pound of Avater uith the omde of a new clement — ** fluorium ” In 1810 
A AmpSro wrote to H Davy suggestmg “many ingenious and original 
arguments” m favour of the analogy betucen hydrochloric and hydro- 
fluoric acids, AmpSre concluded that hydrofluoric acid contained no 
ojgrgen Ampere’s ideas u ere established by H Davy’s experimental ivork, 
1813, and the unknoum element uas named “ fluorine ” by analogy ivitli 
chlormc Many unsuccessful attempts have been made to isolate this 
clement by the electrolj'sis of hjdrofluonc acid (H Davy), electrolysis 
of fused potassium fluondo ( E Freny , 1856) , the action of clilonne on silver 
fluoride (H Davy), and on mcfcunc“flubride m fluorspar vessels (G J and 
T Knox, 1836) , heating iodine ivith silver fluoride (H Kummerer, 1862) , 
hcatmg silver fluoride (H Davj') , the electrolysis of hquid fused sih cr 
fluonde (G Gore, 1869) , heating the unstable uranium fluondo, DF 5 , m 
oxygen (H B Dixon) , the action of oxygen on fused calcium fluondo 
(E Frcmy, 1856) , heating lead fluonde, PbF^, and also cenum fluonde, 
CeF^ (B Brauner, 1881) , etc The feat was accomplished m J88()i, when 
H Moissan isolated the gas by the electrolysis of a solution of potassium 
flu oride m hquid hydrogen Jluoride, and thus solved, uhat H E"Rdscoc 
caQed, “ one of the most diflicult problems m modem chcmistiy ” 

Preparation — ^IVhen an electno current is pa<!sed thinugh a concen- 
trated solution of hydrogen clilonde, chlorine is liberated at the anode, 
and hydrogen at the cathode When aqueous hydrofluoric acid is treated 
m the same way, water alone is decomposed, for oxygen is hberated at the 
anode, and hydrogen at the cathode The anhydrous acid does not conduct 
electncity, and it cannot therefore be elcctiolyzed Moissan found that 
if potassium fluonde be dissolved in the hqiud hydrogen fluonde, the solu- 
tion conducts electricity, and Avhen clcctroljTied, hydrogen is evohed at 
the cathode, and fluonne at the anode Tlie prunary products of the] 
electrolysis arc fluonno at the anode, potassium at the cathode 2KHF^ 
= 2HF -f 2K -f Fj The potassium reacts with the hydrogen fluonde 
reforming potassium fluonde and liberating hydrogen 2K - 4 - 2HF = 2ICF 
+ Hj 

The electrolysis Avas first conducted in a U-tubc made from an alloy of 
platmum and indium Avhich is less attacked by fluonno than platinum alone 
Latei expenments shoAved that a tube of copper could be emplovcd The 
coppei is attacked by the fluoime, foiming a surface ciust of copper fluondo 
winch piotccts the tube fiom fiuthoi action Electrodes of the platinum 
indium alloy aie used A tube is illustiated in Fig 119 The open end” 
of the tube are closed Avith fluoi-spai stoppers giound to fit the tubes and 
boredAVith holes which giip the electrodes The joints are made aii-tight Anth 
lead Avashors and sheUac The U -tube, durmg the electrolysis, is suirounded 
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wth a glass 03 'lindor B, into winch hquid methyl chloride is passed from 
a steel oyhnder via the tube A, Fig 120 Liquid methyl chloride boils 
at —23°, and it escapes through an exit tube The duorme is passed 
tlirough a spiral platmum tube also placed m a bath of evaporating hquid 
methyl clilonde, C This cools the spiral tube down to about —60°, and 
condenses gaseous hydrogen fluondc, which escapes -vvitli the fluorme from 
the U tube The fluorine then travels through two platmum tubes^ 
D and E, containmg lumps of sodium fluonde, which remove the least 
traces of hydrogen fluonde A glass cyhnder is placed outside each of 
the two cylinders containing methyl ohlonde The outer oyhnders contam 
a few lumps of calcium chlonde, so as to dry the air m the vicimty of the 
cold jacket, and prevent the deposition of frost on the oyhnders. 



Fig 119 — Tube for the Eleo Fio 120 — ^Moissan’s Prooess for 

trolysis of Hydrofluonc Acid Fluorine 


Properties — ^Fluorme is a hght canary yellow gas which condenses 
to a clear yellow hqmd boihng at —187° , and freezes to a pale yellow 
sohd meltmg at — 233° , at — 262° the sohd is dolourless Eluorme is 
probably the most active element known It combines with hydrogen 
■with explosion, even m the dark, and at low temperatures It decomposes 
water, forming hydrogen fluonde, and hberates oxygen highly cliarged 
■with ozone Sulphur melts and takes Are m the gas. lodme, bromme, 
phosphorus, arsemc, and antimony combme ■with the gas ■with moandes 
ccnce, so do orystalhne sihoon, amorphous boron, powdered chafcoal 
All metals are acted upon by the gas , some take fire spontaneously, others 
nhen heated to, saj, 300°, e.g gold and platmum Ruonne also hberates 
ohlonne from sodium ohlonde and from carbon tetrachlonde, CCl^ Liquid 
fluorme has no action on eihcon, phosphorus, sulphur, and glass Eluonne 
IS one of the few elements nhich is not knoivn to form an oxide 

No compound of fluonne mth chlonno is knoivn Bromme forms 
bromine tnfluonde, BrEg , and lodme fonns lodme pentafluonde, lEj 
Chlorine can unite ■vnth lodmc, but there is no reliable evidence of the 
e'nstcnce of compounds of bromme nith ohlonne The knoivn compounds 
of iodine Anth clilonno arc iodine monochloride, ICl, and lodme 
tnchlonde, ICl, , and uith bromme lodme monobromide, IBr Highci 
lodmo bronudes have been reported, but their e^nstence has not been 
clearly estabhshed A similar remark apphes to the so called bromine 
monochlonde 



THE RELATIONS OE CHLORINE 


281 


Atomic and molecular weight of fluorine -Tlio 
fluorine has been cstabhshed by converting calcium po^ 

fluonde, sodium fluonde, etc , into the corresponding sulphate J B A. 
•Dumas fl8601 found that 1 gram of pure potassium fluonde furnisJies 
iST S of potiSium Eulphate^ Given the atomic iieights of 

po^t!liium 39 1, sSphur 32 07, oxygen 10, it ® 

the combining weight of fluorine vnth 39 1 grams of potaKium, 1 1 4991 
= 2KE K,SO, = 2(39 1 + *) 174 27 , or, a: =19 The best deter- 
imnations range betiveen 18 97 and 1914, and the best rcpr^entativo 
value of the combming weight of fluorme is talren to be 19 No kno^ 
volatile compound of fluorme contains less than 19 parts of fluorine 
molecule, and accordingly this same number is taken to represent the 
atoimc weight The vapour density of fluorine is 1 31 (air ^ 1), that is, 
28 755 X 1 31 = 37 7 (Hj = 2) The molecule of fluorine is therefore 

represented by Fa 

Questions 

1 Potassium iodide is liable to contom potassium lodote, and calomel is 
liable to contam corrosive sublimate How do you accoimt for Iho presence of 
those impurities, and how would you test for tlioir presence 1—St Andrews Vntv 

2 Name tuo minerals containmg fluonno and wnto thoir formulae How 
and bv whom was fluorme first isoloted 1 How is hsdrofluono ncid prepared, 
in what form is it usually used in the laboratory, and how is it employed m etching t 

— Prtneelon Untv , U S A ... 

3 By what method is hydrogen fluonde prepored in a state of pimty 7 Oon 

trast its properties with those of tho hydndos of chlonne, bromine, and iodine 
How has fluonno been isolated 7— london Unit) „ 

4 How would you prepare a specimen of pure hj drogen iodide 7 Give 
examples of its reduemg action St Andrews Vntv 

6 \\Tiot IS meant by tho term “ catalytic agent 7 Describe the use of 
such on agent in tho preparation of hydrogen bromide 'W hat is the cliiot source 
of lodmo at tho present time ! — Cornell Vniv , V S A 

6 Wiat do you understand by a reversible chemical action 7 Cite examples 
Point out tho conditions ailocting the course of tho action — St Andrews Untv 

7 Explain the nature, from a chemical jxiint of view, of tho chief operations 
involved m tho production of a photograph — London Untv 

8 Desenbo tho preparation and properties of hydrogen bromide ond hydrogen 
iodide Why are these gases not commonly prepared by reactions similar to that 
used m tho ordmary preparation of hydrogen clilondo 7 — Vteforta Untv , Jl/an- 
Chester 

9 Desenbo tho effects observed when chlonne water is added (o) to mercurous 
chlonde, (6) to potassium iodide solution What inforonco do you draw about the 
reactions that hove taken place 7 hy 7 — Sheffield Setenttfic School, USA 

10 Define and give examples of thermal dissociation, kinetic equilibrium, 
reversible reaction, dectrolysis ond reduction — Princeton Vntv , V S i 

1 1 'VMiat oxponinonts have boon made intli tho object of isolatmg fluonne 7 
and bow do you account for their fadviro 7 — London Untv 

12 Desenbe and explain the oppoarancos observed ■when (a) sodium olilondc, 
(6) sodium bromide, (c) sodium iodide is hooted with concentrate sulphunc acid 
What operations would bo necessary to cause hydrogen to combmo with chlonne 
bromine, and iodine respectively 7 — London Untv 

13 The rate of chemical change may be altered by (a) temperature, (6) catalysis, 
(c) solution Desenbo accurately one oxponmont lUustratmg the change m rale 
of a reaction, winch may bo brought about by eoch of these factors — London Untv 

14 Describe a convenient laboratory method for preparing chlonne How 
would you dry ond collect the gas 7 "What action has chlorine on (a) antimony , 
(6) an aqueous solution of potassium bromide, (e) on aqueous solution of potassium 
hydroxide 7 — Vtciorta Vntv , Manchester 

16 Sketch the apparatus you would eTnploy and explain, with all essential 
practical details, tho method you would adopt to prepare a saturated solution 
of hydnodio acid — Board of Educ 
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The 0\ides and Oxyacids of Chlohine, Bbomine, and Iodine 


§ 1 Chlonne Monoxide 

^lolocular ivcight, C1>0 = 86 92 Boiling point, -f 6° Belative vapour 
densit} (H* = 2), 8b S, (air = 1) 3'01 

Preparation — ^This compound is prepared by passing a slow ourront 
ol dry olilorino from the apparatus AB, Fig 121, through a glass tube 0 
containing dry precipitated mercuric oxide previously hoat^ for about 
an hour to about 400° The tube is cooled by immersion in cold -water, 
and the i&suing gas is passed through a U tube D cooled with ice and salt 
Brownish yellow mercunc 0x3 chlonde and chlonne monoxide are formed 
2HgO + 2C1_ = Hg_0(Jlo + 01,0 The gas condenses in the U-tubc If 

freshly precipitated 
merounc o-nde bo 
used, the chlonne 
acts too vigorously, 
forming mercunc 
chlonde and hberat- 
ing oxygen — ^may be 
explosively , if the 
mercunc oxide be m 
coarse fragments, the 
reaction is too slow 
Properties — 
Chlonne monoxide is 
a pale orange 3 oUow 
gas inththe greenish 
tinge chirnctonstic of chlonne Its smell is not unhke (but is cosily 
distinguishable from) that of chlonne One volume of -water dissolves 
200 volumes of the gas at 0° and the solution behaves like an acid 
— ^IiypochloroHs acid, HCTO CkO + HoO = 2HOC1 Hypoclilorous acid 
forms salts — hv pochlontes — ^with the bases. Tlio h3'pochlonte radicle 
“ CIO ” then nets as a monad Hence clJonnc mono-ndc is also h3rpo- 
chlorous anhydnde If the gas be passed through a tube surrounded -with 
a mixture of ice and salt the gas condenses to a reddish brown liquid 
between 19° and 20’ The liquid boils at 5° and 738 mm pressure Both 
the liquid and (lie gas arc vcr3 unstable Merc contact of the gas with 
sulphur, phosiihorns, and many' carbon compounds — eg caoutchouc, 
-fcuiiKntine, etc — ^lead to decomposition with explosive violence With 
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granular calcium cWonde it forms calcium h3rpocblonte and chlonne 
CaCL -7- 2CI2O = Ca(OCl)2 + SCU The liquid is more liable to evplosion 
than the gas, for it may explode -with a shght mccbamcal shock, c g when 
poured from one vessel to another As m^cated above, the Iiqiud can be 
distilled under reduced pressure, and it may be exposed to sunhghfc 
•without decomposition in perfectly clean vessels 

Composition — ^Pass a stream of the gas through a capillary tube with 
three bulbs, and gently heat the tube in front of the first bulb The gas 
decomposes before it enters the bulbs, the capillary tube prevents an ex- 
plosion When the bulbs are filled with the products of decomposition, 
each bulb can be scaled off and the contents exammed The free chlorme 
m each bulb is absorbed by potassium hydroxide, the results show that 
two volumes of chlorme accompany every one \olume of o'«ygen Smee 
accordmg to Avogadro’s h'vpothesis, equal volumes of these gases contain 
the same number of molecules , and smcc both chlorine and oxygen have 
two atom molecules, it follows that the molecule of chlorme monoxide has 
two atoms of chlorme per one atom of oxygen The vapour density of 
chlorme monoxide is 86 92 (H2=2) This' corresponds mth a molecule 
containmg two atoms of chlorme and one atom of o'sygen, hence the 
formula is •written CI2O The action of heat is to resolve two volumes 
of the gas mto two volumes of chlorme and one volume of oxveer 
2CU0-»2a2-f02. S- ' 

§ 2 Hypochlorous Aad. 


• 

The action of chlorme on cold water — It is probable that a cold aqueous 
solution of clilonne decomposes, forming a mixture of hydrochlonc and 
hypochlorous acids For equihbnum CU -f HoO ^ HQ -f HOCl Tins 
is evidenced by the fact that chlonne water reac’ts acid with litmus before 
It bleaches , and some hypochlorous acid can be separated by istillation 
However, the amount of the two acids present when the system is m equili- 
bnum IS very small If one of the products, say hydrochlonc acid, be 
removed, the equihbnum is disturbed and the reaction proceeds in the 
direction ne^cd to re-cstabhsh equihbnum If freshly precipitated 
mercunc oxide, for example, be present, the hydrochlonc acid reacts •with 
the mercunc oxide forming mercunc chlonde, HgQ , The hypoolilorous 
acid IS such a weak acid that it has practicaDy no ac'tion on the mercunc 
o^de The action of chlorme on water contaimng mercunc oxide is 

n the muitog 

solution of hjqpoohloro’us acid passes over 

^^.^^on.o^hlorme onjmld^uhoiw of alkali hydroxides —A 

H,o + a^r“ +koh=koc. + h,o 

(hq HCl -f KOH = KCl -f H:,0 
equihb^ is disturbed, and the reaction from left to neht is 

^ result of the reaction is represented CL 2KOH — ^ Trri 
^0+^0 The rcsultag solato b 
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so named because it nas prepared by C L BcrthoUct’s process at Jarcl, 
a suburb of Pans, in 1792 In 18^, A J Ralard proved that eau do 
Javollcs IS a mixture of potassium chloride and hypochlonte The soln 
tion IS sometimes used for blenching purposes If sodium liydroxidc be 
employed, ns suggested bj A G Labarraque, in 1820, the so called 

1 1; “ chlonnatcd soda,” or Laharraque's solnhon, is obtained llie electrolysis 
of cold solutions of sodium or potassium chlondc funiislics sodium or potos 
Slum hj'droxido and ohlorine If the products of electrolysis are nllovnxl 
to intermix, sodium or potassium h3pochloritcs are formed in a similar 
.manner 

Preparation — ^As indicated aliove, a little hj pochlorous acid nccom 
pamed by hjdrochlono ncid is formed vihen chlonnc is dissolred m water 
Hjpochloious acid can bo obtained bj distillmg a solution of hlcachmg 
powder or eau do Javcllcs with dilute nitnc acid Almost all the hjpo 
chlorous aoid is liberated b3 tbc dilute mine ncid KOCl + HNO3 KNO, 
/ -f- HOCl, while the chlondc is scared} nlTcotcd smeo so little nitnc acid is 
present KQ -f HNO3 ?=* KNO3 + HCl To avoid this latter reaction, a 
weak acid like bone acid is more clBcicnt than nitnc ncid because a verv 
great excess of bone acid must be present before apprcciablo quantities 
of bydroohlono acid can be set free 

Properties. — ^Puro h}pochlorous acid free from water has not been 
obtained because the acid is so very unstable Tlic aqueous solution can 
be concentrated to a goldcn-ycllow liquid, but only the \ cllowish solutions 
contammg about 6 per cent of HOCl can be distilled without decomposition. 
More concentrated solutions *nro decomposed on wanning into chlonc 
(HCIO,) and bydroohlono acids 3HOC1 = HCIO3 + 2HC1 , followed b.v 
the reaction HCl + HOCl = HjO + Cl , for h} pochlorous ncid is de- 
composed by noids, and with h}drochlonc ncid the chlonnc of both acids 
13 sot free Hypochlorous acid is n monobasic noid and forms salts with 
bases Tlio radicle “ CIO ” is a monad, and its compounds with the bases 
are called hypochlontes Highly concentrated solutions of sodium 
hydroxide, saturated with chlonnc and evaporated at a low temperature, 
furnish needle like ciystals of sodium h3rpochlonte — ^NnOCl GHoO — con- 
taminated with about 3 per cent, of sodium ohlonde Similarl}, by the 
action of chlonnc on milk of lime, and further concentrating the resulting 
solution by the alternate addition of more lime and chlonnc, crj’stals of 
calcium hypochlonte — Ca(OCl)2 — ^hav e been obtained The crystals are 
-not deliquescent, and keepwell Hypochlorous acid is so feeble in strength 
/ that the carbon dioxide of the air is sufHcicnt to disxilace the acid from 
h}poohlonto3 

The omdizmg action of hypochlorous acid — ^Wlicn warmed, hvpo- 
ohlorous acid not onlj furnishes clilonc acid — HCIO3 — ns mdicated above, 
but it IS also decomposed with the evolution of ox} gen 2HOC1 = 2HC1 
+ Oj This reaction is particularly active in sunlight, and in the presence 
of oxidizing agents Thus witn silver oxide ^,0 + 2HOC1 = 2AgCl 
+ HjO -b Oj If a little nickel or cobalt mtrate solution bo added to 
water contaimng hypochlorous acid and the mixture warmed in a flask, 
oxygen is evolved 2HOCa = 2HC1 + Oo The cobalt salt acts as a 
catalytic agent The mechanism of the reaction is generally supposed 
to involve the concurrent reactions corresponding with the transformations 
of the cobalt oxide CoO — > Co^O^ CoO C00O3 etc IVhen oxygon 
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^ IS prepared "by Ibis process, bleaching povrder suspended m vialer is the 
''usual souicc of the hypochloroiis acid In illustration of the ovidizing 
Wtion of hypochlorous acid, calcium hypochlorite or blcaclung povvderfi 
inay be boil^ for sonic time mth a solution of lead acetate, puce coloured^ 
lead dioxide, PbOj, will be precipitated , and if boiled unth a solution of a 
manganous salt, inangancse dioxide, SInOj, \nll be precipitated More 
prolonged boiling may give a green solution of calcium nianganatc, or a 
pnk coloured solution of calcium permanganate Ca(Mn 04 l 2 

The rapid decomposition of hypochlorous acid in sunlight renders it 
probable that the action of light on chlonne uater results m the formation 
of the hypochlorous acid by hydioljsis CU 4- HjO = HCI + HOCl, is 
at once decomposed 2H0C1 — 2HCI + O,, so that tlio hydrolysis goes to 
completion, and leaves, as final products', hydrocldonc acid, nater and 
oi^gcn ' 

V Test Wlien an excess of mercury is shaken up inth an aqueous solution 
of hypochlorous acid, a broMmish-j ellou precipitate of mercuric oxj chloride, 
HgO HgCU, IS formed , this is decomposed by dilute hydroohlono acid — 
mercurous chloride passes into solution With chlonne water, mercury- 
gives a -wlute precipitate of mercurous chlonde, HgCl , hence the reaction 
can be used to distmgmsh and even to estimate hypochlorous acid m the 
presence of free chlonne in solution 

§3 fekachingJSojKder. 


History -—Tlic bleaching properties of Javel water wore discovered 
by C L BertlioIIet in 1785 The facts w'crc communicated to James 
lYatt m Pans about the same time, and Watt soon afterwards brought the 
news to Glasgow In 1798, Charles Tennant patented a process for tlio 
use of cheaper lime in place of potash Tlie patent was later declared 
void because lime had been used for the same purpose in Lancashire piior 
Tennant’s patent ^ 

The action of chlonne on calcium hydroxide —If chlorine bo allowed 
to act upon an aqueous solution of a bivalent base, say calcium hydroxide 
in place of potassium or sodium hydroxide, a molecule of each of the two 
monobasic acids, formed by the action of clilonne on w'atcr, is ncutraliml 
by one molecule of the base, and what seems to be a mixed salt is foimod • 


Ca<:^H 4- Hoci _ 


+ 2H,0 


— c ' 

“ ^^caching powdoi " ox “ elilondo of 

» molecular compound 

of calcumi clilorido with calcium hypochlorite CaCl ^ mi 

«t.o„ of bloaotang pomlot ha, £ mul „bS 

IS yet far from being definitely settled It is very probable t1,nf ' 

T^wder contains but httle calcium chloride bemuse m tlie 
U «polM tom rt by a>o m^fon of oS.on ' C „ “STotT 

dehquescent, bleaching pTdeTm nrat^i chloride is voiy 

dissolved alcohol. Sas an rbohohfsoSrof 

contains but traces of calcium chloride M 

stances hme can bo saturated with no more than mrcum- 

obW n .0 foots oonospond Mth 
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mthout proof, by W Odling in 1801 Since the available oblonno in 
commeroial blcaoliing powder usually ranges between 30 and 38 per cent , 
it IS e\ndcnt that the calcium hj Reside, Ca(OH) 3 , is not completely 
saturated mth clilonne, and that some free calcium Tiydromde is present 
Hence commercial bleaching powder is best represent^ as Oa( 001)01 + 
wCaCOH),, uliere w is very nearly one half, or 2Cn(OCl)Cl + Ca(OH )2 

Preparation — ^Bleaching ponder is made on a large scale by the action 
of chlorine on slaked hme, Ca(OH )3 The lime is spread m 3 or 4 moh 
lajcrs on perforated shelves in a large chamber, and then raked mto 
furrows Chlonno is led tlirough the chambers At first the absoiption 
of chlonne is rapid, but it afterwards slows down The hrac is then turned 
o\or from time to time so os to expose a fresh surface After standing 
for 12 to 24 hours a slioner of fine dust lime is blonm mto the chamber 
to absorb the excess of chlorine The amount of chlorme absorbed is 
never so complete as is represented by the equation Ca(OH)j + CL 
= Ca(OCl)Cl 4- H 3 O The commercial value of the bleaching powder 
depends on the amount of available chlonne it contains Tiie amount of 
available chlorine depends upon the method of preparation, temperature, 
etc If the temperature bo kept between 30® and 40®, a bleaching powder 
containing about 40 per cent of available chlorme has been prepared. 

Evaluabon of bleaching powder — The process for the detcrmmation 
of the available chloride depends upon the foot that sodium arsemte is 
oxidized to sodium arsenate by an aqueous solubon of bleaohmg powder 
Hence a standard solution of sodium arsemte is added to a known amount 
of an aqueous solution bleaclung ponder unbl the solution no longer gives 
a bluq.cploration nith iodized starch ^apor This shows that no avadablo 
cfiformc IS present The amount of sodium arsemte used m the expen- 
ment IS related nitli the bleaching powder by the folloivmg equation 
Cn(OCl)Cl + Na^AsQa = Na^AsO^ J-^CaClj^ and the theorcticil amount of 
fJ.i(O0l)Cl can therefore be readily computed 

The acbon of water and aads — ^If bleaching powder bo treated 
with cold water, it forms a strongly alkaline solution, and insoluble calcium 
hydroxide remains It is probable that the acbon is due to the hydrolysis 
of the calcium lij pochlonte 2Ca(OCl)CI = Ca(OCl )2 + CaCU, foUoived 
by Ca( 0 Cl )2 + 2 H 2 O = Ca(OH), + 2HOC1 If the bleaclung jiowder bo 
ticated with a iciy dilute acid, liyqioclilorous acid, HOd, is formed 
Ca(OCl)01 + Hd = CaCln + HOd If an excess of acid bo present, 
the hypochlorous acid is decomposed, forming water and chlonne HOd 
+ Hd = HjO + dj 

Bli aching powder decomposes when exposed to atmospheno moisture 
Tlic carbon dioxide of the air also reacts hko a feeble acid os mdicated 
aboie Bleaching powder also decomposes slowly when kept m a well 
stoppered bottle AThcn heated with ammonia, nitrogen is obtomed 
2 NH 3 3Cn(Od)d = SHoO + 3 Cad 2 + No , and when boiled with 
■water and a little cobalt salt, oxygon is obtained as indicated above Thus, 
lij'poclilorous acid, chlonne, and oxygen can bo obtained from bleaching 
powder 

Bleaching — ^In bleaching b 3 'cnude Javellcs or by bleaohmg powder, the 
fabno IS steeped 111 a dilute aqueous solution of the bleaching agent, and then 
m dilute acid Hj pochlorous acid is thus produced, and then free chlonne 
The free chlonno docs its work ■within the fibres of the wot fabne ns 
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indicdted on p 289 The bleaching action of hypochlorous acid is generally 
stated to be t\nce as great as that of the chlonne it contains, supposing 
the latter irere free 2CI2 + 2H2O = 4IIC1 -f Oo , 4HOCI = 4HCI t* 20„ 
But it must be remembered that two atoms of chlonne are needed to form 
one molecule of HOCl, smce an equivalent amoimt of HCl is formed at 
the same time 


§ 4 Potassium and Banum Chlorates 

The manufacture of potassium chlorate, KCIO^. — YTe have seen that 
uhen chlonne is passed mto a cold solution of potassium hydroxide, a 
mixture of potassium chlonde and hypochlonte is formed , and uhen the 
solution of the hypochlonte is boded, it decomposes, forming a mixture 
of x>otassium chlorate and chlonde A similar result is obtained vhen 
chlonne is passed into a 7tol (70°) aqueous solution of potassium hydroxide 
6K 0H SCh = KC10_j -1- 5KC1 SHoO , and the in o salts — potassium 
chldridiTand potassium'chlorafc-^aSTbe separated by fractional crj'stalh- 
zation Potassium chlorate is far less soluble than the corresponding 
chlonde, p 17 CL. BerthoUefc (1786-S) first isolated this salt, although 
it appears to have been known to J R Glauber (1658) uho mistook it for 
saltpetre The above method of preparation is due to J L Gay-Lussac 
(1818) 

Liebig's process of manufacture —It will be observed that the amount 
of chlorate obtamed from a given amount of potassium h^ drovidc is small 
because one molecule of potassium cldoratc is accompanied bj five mole- 
cules of potassium cldonde as by-product This loss is senous because 
the potassium hydroxide is relatively expensive This led J von Liebig 
(1842) to modify the process It is cheaper to substitute a hot solution of 
slaked hme in water for the potassium hydroxide solution In that case 
6(^(0H)3 4- 6CL = 0^(0103)2 fif^CU 4- 6BL,0 Tlie clear solution of 
calcium chlorate and chlonde is concentrated a little by evaporation, and 
a shght excess of potassium chlonde is added Potassium chlorate has but 
one tenth the solubihty of the corresponding calcium salt, and is far less 
TOluble than the other tuo chlondes, hence, by a further concentration of 
, potassium chlorate separates Ca(C10,), 

tT "j: potassium chlorate so obtamed ^s 

punfied by recrystalhzation 

electrolytic proc^ of manufacture -The old process of J ion 
Liebig IS now almost displaced by the electrolytic proces.s. Hot solutions 

0 ““' 1 H ’? 

oUoime istetJonncd (p 236) , then petnssnim h^Tjoitete'' oSd Mi 
potasaum chlorate The sparmgly soluble potaSm chlorate civsta?- 
hzes from the solution durmg the electrolvsi«L nnri +1-1,, J? 1.1 

Smee 100 e 0 of wter at 20” IssoL SS 3^™ S 
nn. 100 c 0 of water nbont 7 2 grem,1rpo??,.Treh eSfe™ fiTd 

fmSaf Potassium chlorate can be readilj isolaSirby 
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manufacture of matches, fireworks, and explosives , as an oxiduong agent 
m chemical processes, for the preparation of small quantities of oxygon , etc 
J Banum chlorate, Ba(CIO,)i — ^This salt can be prepared by the electro 
Mysis of a solution of banum chloride , or by the action of chlorme on a hot 
solution of banum hydroxide, or on water containing banum carbonate 
m suspension The separation of banum chlorate and banum chlondo 
by fractional orystalhzation is rather difiBcult because the two salts are 
almost equally soluble m water It is best to cool tlio orystalhzmg solu- 
tion to 0°, at which temperature 100 parts of a saturated solution contam 
16 9 grams of banum cMorate , and 100 grams of a saturated solution 
contam 24 grams of banum ohlonde , at 10°, the corrcspondmg solubih- 
ties are 21 and 25 , and at 20°, 25 and 26 

§ 5 Chloric Acid 

Preparation — ^The chlorates, as we have seen, were first mode by 
C L. Berthollet, and J L Gay Lussac (1814) obtamed ehloric acid by the 
followmg process A solution of, say, 80 grams of barium chlorate in 
170 0 c of water is treated with an equivalent quantity of snlphuno acid 
(24 3 grams of H^SO^ in 200 o o of water), when banum sulphate and chlonc 
acid are formed Ba(C103)j + H^SO^ = BaSO^jj- 2HC3O3 The clear 
solution of chlonc ocidt is ^eoatire^'^m tho’'preofpT£ated'bnnum sulphate, 
and concentrated by evaporation m voouo over sulphuno aeid Solutions 
eontaimng more than about 40 per cent HCIO3 oaifnot be prepared, 
because the chlono acid then decomposes spontaneously mto free ohlonne, 
oxygen, perchloric acid — ^HC304 — and water The first action is probably 
2HC103=aHC104 + HCQOj, the clilorous acid, HOlOj, so formed reacts 
with the chlono acid, fonrung ohlonne peroxide, ClOg HCIO2 + HCIO3 
-f 2010^, and the ohlonne peroxide breaks down into ohlonne 
and oxygen 2CIO3 = Clj 2O2, as indicated below The iratial and end 
products of the completed reaction are represented SHClOj = IICIO4 
+ ' ' 

Properties — ^The concentrated solution of chlonc acid so prepared is a 
colourless viscid liquid with a pungent smell It readily decomposes on 
exposure to hght The solution is stable m darkness provided organic 
matter bo absent Wood, paper, etc , decompose the acid at once — ^very 
often with ^ontaneous combustion Blue htmus is first reddened and 
then bleached by the acid Even in a dilute solution, chlono oeid is a 
Xiouorful bleoohmg agent The oeid is monobasic, fo rmin g a senes of 
salts — chlorates — where CIO3 acts as a luuvalent radicle The anliydride 
of the acid — chlorme pentoxide, CljOj — ^is not known 

The chlorates — ^The chlorates are powerful oxidizmg agents An ex- 
plosion may occur if a chlorate be mixnd mth orgamo matter, charcoal, 
sulphur, etc , and the mixture struck with a hammer, or heated Hence 
mixtures of chlorates mth such materials must not be ground together 
TOth a pestle and mortar The matenals should be ground separately, 
and then carefully mixed on paper with a feather Phosphorus m contact 
mth a chlorate may explode spontaneously Thus if a ^p of a solution 
of phosphorus m carbon disulphide be allowed to fall on a little potassium 
chlorate, a loud explosion occurs as soon as the carbon disulphide has 
evaporated 
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, Tlio chlorates are all soluble in ■n’ator Potassium chlorate is one of 
tbe least soluble of the clilorates The salti^re fairl}' stable, but decompose 
lifto olilorides and oicj'gon when heated \ The chlorates aio recognized 
by giving no precipitate nath silver nitrate , although, after ignition, the 
Sliver nitrate wll give a precipitate of silver chloride mth an aqueous 
solution of the residue If a few drops of a solution of mdigo sul nliato 
bo added to an aqueous solution of a chlorate, and the liquid be acidified 
nith sulphuric acid, and sulphurous acid, or a sulphite bo added, the chloric 
acid IS reduced to a lower chlorine oxide nhich blenches the blue colour 
of the mdigo 

Composition — ^The composition of chloric acid iras established by 
J S Stas’ analyses of silver chlorate A known amount of sih er chlorate 
VTis reduced to the clilorido by the action of sulphurous acid Previous 
analyses had estabhslicd the exact composition of silver chloride Stas 
found that 100 grams of silver chlorate furnished 

Silver chloride— AgCl 74 9206 grams 

Oyjgen 26 0796 „ 

Silver chlorate 1 oo 0000 „ 

Tlio molecular weight of silver chloride is 143 43 , and the atomic weight 
of oxygen is 16 By division, 74 9206 — 143 34 = 0 62 , and 25 0796 
— 16 = 1 58 Hence the ratio of silver chloride to oxygen in the silver 
chlorate is as 1 3 , or the empirical formula of silver chloride is AgClOg, 
and of the acid HClOg Tlio molecular weight of the acid has not been 
detemuned satisfactorily 


§ 6 Chlorine Peroxide. 

Molecular weight, ClOj = 07 46 Melting point, — 70® , boiling point. 0" 
Vapour density, 07 29 (H, = 2) , 2 39 (air = 1) ^ ^ ’ 

Preparation — IVhilo studying the action of concentrated sulphuric acid 
upon potassium oliIorate,H Davy (1811) found that a highly explosive cas 
was produced Finely powdered potas- “ 

Slum chlorate is gradually added to 
concentrated sulphuric acid in a small 
flask or retort A, Fig 122 The salt 
dissolves, producing a reddish-bronm 
hqmd, but no gas is evolved if the 
hquid be kept cold Wlien the solu- 
tion IS gradually wanned, by plaomg 
the retort m a vessel, S, of warm 
water, takmg care not to heat the 
glass above the level of the liquid in 
the retort, chlorme peroxide is evolved 
as a gas The fiist action of the 
sulphuric aoid is to form chloric acid 
5:0103 + H 2 SP 4 = KHSOj J- HCIO, , 



Pia 122 —Preparation o£ Chlorine 
Peroxide 


3H010, = HC10J + 2010, + 0^0 KJrotido, and nnto 

Properties — Chlorme peroxide is a rcddinh 
pleasant smell which produces headache The gL is much S^TtC 
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air, and it is coUeoted by the upward displacement of air, C, suwe it de- 
composes in contact with mercury, and it is fairly soluble m water Water 
at 4® dissolves about twenty times its volume of the gas. When the solu 
tion IS cooled to lower temperatures a ciystallme hydrate separates — 
possibly os CIO2 On standing, m the dark, an aqueous solution of 

chlorme peroxide forms a mixture of ohlorio and hydroohlono acids When 
the gas IS cooled, it condenses to a dark red hqmd which boils at 9°, 
and the hqmd can be frozen to orange coloured crystals meltmg at —79® 
Chlorme peroxide is very unstable It decomposes with explosive violence 
if an eleotnc spark be passed through the gas, or if a hot wire be mtro- 
duoed mto the gas Chlorine peroxide also decomposes mto its elements 
if it be exposed to the hght The gas is hable to suddenly explode, 
especially if m the hqmd or sohd condition, or if orgamo matter bo present 
^^lorino peroxide is a powerful oxidizmg agent — a piece of phosphorus, 
"^gar, or other combustible takes fire spontaneously m the gas 

Two well-known experiments may be cited to illustrate tins Place some crystals 
of pot^ium chlorate at the bottom of a test glass, and half fill the -vessel with 
water" "A few lumps of yellow phe^horus ore dropped mto the glass, and con- 
centrated sulphuric acid is allowed to fiow through a tube funnel on to the chlorate 
The bubbles of oblorme peroxide which are evolved produce bright floslies of 
light when they come m contact with the phosphorus under the water Agam, 
powdered sugar and potassium chlorate are mixed with a feather on a sheet of 
paper and placed on a stone slab When a drop of sulphuric acid is allowed to 
fall upon the mass, the chlorme peroxide which is formed igmtes the sugar, and 
the flame rapidly spreads throughout the mass 

Composibon — Gay Lnssac determined the composition of chlorme 
peroxide by passing the gas through a capillary tube with three bulbs of 
known capacity The capillary tube was heated before the gas entered 
the bulbs Decomposition took place m the capillary tube without ex- 
plosion The bulbs therefore contamed the decomposition products of 
the chlorme peroxide — chlorme and oxygen The chlorme was detenmned 
by absorption with potassium hydroxide and the oxygen m a gas meosunng 
^ube It was found that 100 volumes of the peroxide funushed 100 6 
^/volumes of oxygen and 49 3 volumes of chlorme Hence it was inferred 
that 

2OIO2 = € 32 + 2O2 
2 Vols 1 VoL Tvois 

and by the application of Avogadro’s hypothesis, that equal volumes 
oontain an equal nnmber of molecules, and that oxygon and chlorme 
molecules each contam two atoms, it follows that the formula of chlorme 
peroxide is CIO2 This is confirm^ by the vapour density — 67 29 — which 
corresponds with the moleoule ClOj, not Cl^O^ The molecularweights of 
the gas in water, and m carbon tetrachloride, as solvents, agree ivith 
the formula ClOj Thus the chlorine m chlorme peroxide appears, at 
first sight, to be quadrivalent 

Chlorites and chlorous acid — I^^cn an aqueous solution of chloime 
pel oxide is treated with an alkali, say potassium hydi oxide, a mixture 
of potassium ohionto and chlorate is formed 2K,OBL+..2Cl63 := JKGlOj 
•1^K0 10^-+ SfO . and if potassium peroxide bo employed, potassium 
chlonte and oxygen are produced KaQi + 2 CIO2 == 2KC102^+M2Q«..The 
acidified solution probably contams chlorous acid, 3X3102 The ohlontes 
are readily decomposed. Lead chlorite Pb(C102)2 at 100® decomposes 
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with detonation The soluble cblontes bleach vegetable colouring mattcre, 
even after the addition of arsemous acid This is not the case wth the 
hypochlontcs Pure chlorous acid has not been prepared, and the 
corresponding anhydride — chlorine tnomde, ChOg is unhnovni 

H Davy prepared a gas by the action of concentrated hjdrochloric 
acid upon potassium chlorate, uluch he believed to be chlorine triovide, 
with the composition CI0O3, and which was termed euchlorine Euchlonne, 
hoirevcr, is a mixture of chlonne with chlorine peroxide in vaiying pro- 
portions ^ A mixture of potassium chlorate and hydrochloric acid is often 
employed in the laboratory as an oxidizing agent 

i ^ * 

§ 7 Perchloric Acid. 

Preparation --^Perchloric acid is formed when chloric acid is heated or 
exposed to hght *jHC103=C32"l"H-d04-|-202“i'Hj0 and bj the action of 
sulphunc acid on, say, potassium perchlorate 2KCIO4 lESO^^KjSO^ I 
-f-2HC104 Count Stadion first made perchloric acid in 1816 Potassium 
perchlorate is prepared, as indicated on p 171 , by the action of heat on 
potassium chlorate 

If CO grams of pure drv potassium perclilorato bo distilled under reduced 
pressure in a 300 c c distillmg flask with ICO to 1 75 grams of concentrated (96 to 97i 
per cent ) sulphuric acid, a white crjatalhno mass of HClOi H-0 collects in the 
receucr The water is formed bj the decomposition of the acid during the 
distdlation. By the redistillation of this product under reduced pressure, pure 
jicrchlonc acid can bo obtained 

Electroly tic process of manufacture. — ^Perchloric acid and the per- 
chlorates^can be'prepared Ky^tlic^cTi^rdlyBis of the clilorio acid and tho 
chlorates respectively Tho chlorate is not directly oxidized, as w as onco 
supposed The chlorate ions appear at the anode during the electrolysis • 
KC103 = K -1- CIO3', when the 10ns are discharged at tho electrodes, tho 
potassium reacts wath the water forming hydrogen and the clilorate ion 
forms clilonc acid wluch decomposes as indicated above into porchlonc and 
chlorous acids and oxygen 2CIO3 -f HjO = HCIO4 -f HClOo O a/'TIio 
oxygen so formed oxidizes tho chlorous acid back to chlonc acid HCIO^ 
-i-0=HC103 The initial and end products are therefoio represented 
2KCa03 + 2H2O = 2KCIO4 2Ho 

Properties — Perchloricacidmavolatilecolourlessfummghquid, specific 
gravity 1 764 at 22 °, bods at 14 ° to 18 ° under a pressure of 15 to 20 nun., 
and freezes at — 112 ° to a ciystallme sohd If a drop of the acid bo brought 
m contact with paper or wood, mstantaneous and violent mflammation 
occurs , if a drop of the acid be brought m contact with charcoal, a violent 
explosion occurs Perchlonc acid produces senous wounds in contact 
ivith the skin If the acid be distilled at ordmary pressures, the bquid 
may gradually become darker and darker m colour, and finaUy explode 
violently The pure acid is also said to be liable to explode after standinc 
some days ° 


» D I MendolAiff tlunks that some ohlonno tnoxide, Cl.O,— vanour denaitv 1 1ft 
Proaent b^a^e the vapour density of euohlormo, oc'^rdin/ iTl pS is 
about 80 , ond the \apour density of clilonne TwroMdo is 67 3 ond of nVilnnnA 
71 Mixtures of theseVo would^e too low ^^a^X de®,LitV S^mfifTh^ 
ohlorine peroxide, however, may be present as Clj04 ^ ® 
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The action of water — ^^Vhen dropped into water, tlio two combine 
witli a lussmg sound, and the evolution of much heat HCIO4 + Aq 
= HC104aq + 20 3 Cals Porchlonc aoid forms five hydrates contaimng 
respectively 1, 2, 2 o, 3, and 3 5 molecules of water The monohydrato 
IS formed by adding water to tJie pure aoid until crystals begin to appear 
Thia hydiate melts at 60°, and freezes at the same temperature, foiming 
long needle like crystals Solutions more concentrated than 71 0 per cent 
HCIO4 lose HClO^whon distilled, and less concentrated solutions lose water 
The “ constant boiling acid ” contains 71 0 per cent of HCIO4, boils at 
203°, and distils unchanged m composition It fumes shghtly in air, and 
may bo preserved mdofimtely, oven m hght Porchlonc acid slowly 
volatihzes at 138° without decomposition. 

Thermochemistry of the oxychlonne aads — ^Porchlonc acid is not so 
powerfid an oxidizing agent as clilonc acid, and this in turn is less vigorous 
than hypochlorous acid Tins corresponds with the greater amount of 
available energy per atom of available oxygen associated ivith hypochlorous 
aoid than with either chloric or porchlonc aoid For mstance, the thermo 
chemical equations are represented 

HOClaq = HCIaq +0+93 Cals , or 9 3 Cals per atom of oxj gen 

HdOgaq = HCIaq + 30 + 16 3 Cals , or 6 1 Cals per atom of oxygon 

HClO^aq = HCIaq + 40 + 0 7 Cals , or 0 2 Cols per atom of oxj gen 

Since the bleachmg ofFeot of these reagents is supposed to depend upon 
the action of nosoont oxygen, it follows that m this cose there is no 3iar> 
tioular need for the assumption that atomic oxygon is more aoti\o than 
molecular oxygen, because the “ nascent oxygen ” is associated \nth a 
larger amount of available energy, uluch can do chomieal work Tlie 
available energy of each acid must be added to that vluoh free oxygen 
could give if It alone were perfomung the same oxidotion , acco^ng 
to the principle of maximum work, the amount of energy degraded dunng 
a chemical reaction measures the “ tendency of a reaction to take place ” 
Hence the greater oxidizing properties of these acids must, at least in 
part, be due to the greater amount of available energy associated wth 
their “ nascent oxygen ” dunng decomposition 

Perchlorates — An aqueous solution of perchloric acid reddens htmus,and 
forms salts — ^perchlorates — ^wherc tlie radicle “ CIO4 ” is univalent Hence 
perchloric acid is monobasic The potassium salt is one of the least soluble 
perchlorates It is practically insoluble in absolute alcohol When 
pcrdiloric acid is added to an alcoholic solution of a soluble potassium 
salt, potassium perchlorate is quantitatively precipitated The weight of 
pot^ium perchlorate so obtamed enables the amount of potassium m 
the given solution to be computed. Unlike the chlorates, the perchlorates 
are not decomposed by hydroohlono acid , nor do they yield an explosive 
gas when warmed with concentrated sulphuric acid They are not reduced 
to chlorides by sulphur dioxide , and they reqmre a higher temperatuiu 
for their decomposition than the correspondmg chlorates Sodium per- 
clilorato as woU as sodium chlorate occur with sodium nitrate in native 
Chih saltpetre 

Composition — ^10 03 grams of perohlonc acid wore dissolved in water, 
and treated with a small excess of potassium carbonate Tlie solution ivas 
evaporated to dryness with a shght excess of acetic acid, and washed with 
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absolute alcohol to remove the potassium acetate The residual pot^smm 
perchlorate was dned and Tieighcd T!he potassium peichlorato was 
igmted to drive off the oitygen The results were 
Potassium poroWorate 

Potassium chloride, KCl * HA* „ 

O'^gon ® " 

The composition of the residual potassium chloride, by a previous 
analysis, is known to be KCl witli a molecular weight 74 66 Divide 
the amount of oxygen by 16, and the amoimt of potassium chloride by 
74 66 to get the atomic ratio KCl O This nas found to be KCl 0 
= 1 4 correspondmg with the empirical formula KCIO4 for tho potassium 
salt, and HCIO4 for the acid If the acid is monobasic the formula must bo 
Ha04 , if dibasic, HjCloOg, etc If the acid is dibasic, it would proldbJy 
be possible to prepare on acid salt, KHCUOg Tho acid salt has not been 
made, hence the analytical data may be token as circumstantial evidence 
that the molecular formula of the salt is KCIO4 Thus, it is possible to 
estimate the probable molecular formula of an acid by chemical 
anal3rsis, and mutatis mutandis also of a base By the same argument 
it has been shown that the formula of hydrofluoric acid is probably HoF^, 
because it behaves os a dibasic acid 

Chlorine heptoxide — Percblonc anhydndc — CljO^ — is obtained by 
digesting perohlonc acid mth phosphorus pcntoxidc cooled to — lO"* for 
some tune, and then distilling the mixture at 82® The chlorine hqitoxido 
condenses to a colourless volatile oil which decomposes m a fen clo3's It 
is explosive, and reacts mth %vatcr, forming perchloiio acid Chlorine 
heptoxide was isolated by Michael and Conn in 1900 

§ 8 The Valency of Chlorme 
The oxides and oxyacids of chlonnc so far considered arc 


Oxides Acids 


Cliloriao monoxide 

Cl -0 

Hypochlorous acid 

HCIO 

[Chlonno tnoside 
Chlonne peroxido 

Cl. 0,1 

CIOs 

Chlorous acid 

HOIO, 

^lilonne pentoxido 
Chlonne heptoxide 

01,0.1 

Chloric ocid 

HClOi 

ClsO, 

Perohlonc acid 

HCIO4 


The anhydrides indicated m the brackets have not been prepared, 
Avhile hypochlorous and chloric acids are only knomi m solution Tlie 
constitution of these compounds is by no means clear Some base tho 
graphic formulm on bivalent oxygen and umvalent ohlormc 
HO— 0—0— d HO— 0—0— 0— Cl 

Chlonc acid Perohlonc acid 

Carbon compounds mth chains of oxygen atoms aio usually less stable^ 
the longer the chain of oxygon Here the contrary is the case, HOd is*^ 
least stable, and HOOOOd is the most stable of these acids Some Iherei 
fore, suppose that the oham formulie are improbable, and that chlonno^ 
monoxide is constituted like nitrogen monoxide, clUonno peioxido hko* 
mtrogen peroxide, and chloric acid like nitric acid, namely— 

g>0 H0-a<° HO-a<g>o 

Chlorine monojado Clilono aoid PoroLlono acid. 



294 


MODERN INORGANIC CHEmSTRY 


where chlorine may he uni- and ter valent The nitrogen oxides uill ho 
desonbed later Others consider that in chloric acid the chlonnc is 
quinqucvalcnt, and in porohlono aoid, soptavalent. 

o 

OH o^m-ou 

Q/ 

Clilono acid Perclilonc ncid 

The o-astenoe of compounds like iodine tnohlondc, etc , arc difficult 
to explam other than by assuming that the lodino is multi valent 

§ 9 Hypobromous and Hypoiodous Acids 

When iodine or bromine is added to a cold aqueous solution of ammonia , 
or to cold solutions of potassium, sodium, calcium, or banum hydroxides, 
a colourless hquid is obtained uhich possesses bleaching qualities Tins 
solution resembles, in many respects, corresponding solutions obtained 
with chlorine. Hence it is inferred that in the case of, saj , iodine, hypoio 
ditc and iodide aro formed , and in the case of bromine, Inqinbromile 
and bromide are formed Thus \nth iodine 2KOH -j- I_, KI -f KOI 
+ HjO A dilute solution of the corresponding acids can bo made by 
shaking mercuric oxide with a cold aqueous solution of bromine or lodino 
•with water AVith bromine HgD -f HjO -{- 2Br3 = HgBr^ 2HOBr 
The aqueous solutions of these acids aro voix unstable, particularlj in the 
case of the hyimiodites and hypoiodous acid An aqueous solution of 
hypoiodous acid decomposes into hjdnodic and iodic acids, and tliesc react 
together forming free iodine The aqueous solution of potassium I13 po 
lodito decomposes at ordinaiy temperatures in a fen hours mto potassium 
iodide and lodate 3KOI = 2KI -f KIO3 Hj'pobromous acid decom- 
poses at GO” into bromme and water, but the aqueous solution can he dis- 
tilled at 40® in vacuo Substances resembling blenching powder have been 
formed by the action of bromine and of iodine upon slaked lime " Iodine 
blcaehing ponder” is probably best represented, Ca(IO)I, and “ bromine 
bleaching powder,” Ca(OBr^ ' * 

Bromous aad — ^What appears to be a solution of bromous acid, HBrOj, 
IS formed when bronune water is agitated mth a concentrated solution 
of Sliver nitrate It is probable that bj'pobromoiis acid is first formed 
A^O, -1- Bro -}- H.jO = HOBr -J- AgBr + HNOj , and that the hjpo 
bromous acid is subsequentty oxidized 2AgN03 + + H_0 -1- HOBr 

= HIBrOa -f 2HNO3 -f- 2AgBr Howci cr, neither the acid nor its sails 
have been isolated 

§ 10 Bromic Acid 

Potassium bromate— KBrOj — This salt can bo made by droppmg 
80 grams of bromme slowly into a cold solution of 62 grams of potassium 
hydroxide and 62 grams of water The cold yellow solution soon deposits 
crystals of bromatc 6KOH -j- SBfj = 6KBr -f KBrOg -f 3H»0 The 
crystals are filtered off, and purified by reeiystalliiation from 130 c c of 
boihng water The mother liquid contains potassium bronudo, KBr 
If an aqueous solution of banum hj droxide bo substituted for potassium 
hydroxide, banum bromate is obtained B-i(BrOj)j HjO 
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I'^onuc acid, HBrOa — ^An aqueous solution of broimc acid is made by 
treating banum bromate unth the calculated quantity of sulphuno acid 
Ba(Br03)2 + H2SO4 = BaSO^ + 2HBr03 The solution is decanted from 
the precipitated barium sulphate and the aqueous solution concentrated 
by evaporation m vacuo until it contains about 60 per cent of the acid 
If the concentration be carried further, or the acid be heated, it decomposes 
mto broimne, osj^gen, and water 

The bromates resemble the chlorates, but when heated, there is no 
sign of the formation of perbromates analogous with perchlorates Tlie 
decomposition proceeds 2KBr03 = 2 KBr + SOo Some of the metalho 
bromates, when heated, give the mctalhc omde, bronimc, and oxygen 
2Mg(Br03)2 = 2 hIgO + 2 Bro + 50 j Bromme wnter m aqueous solution 
IS oxidiz^ to bromic acid by the action of chlonno Big + OHoO + 6CI0 
= lOHCl + 2HBr03 The bromic acid so obtained is nuxed with hydro- 
clilonc acid 


§ II Iodic Acid 


Potassium lodate, KIO3 — Potassium lodate can be made by the direct 
action of iodine on potassium chlorate 2KCIO3 + Ig = 2KIO3 + Clj 
This reaction illustrates howr lodmc is able to replace cblonne m its oxygen 
compounds, although the reverse action occurs with the hydrogen com* 
pounds . 2 HI -f- Clg = 2 HC 1 + Ig These differences correspond with the 
difference 111 the heats of formation (or decomposition) of the hy^acids 
and the oxyacids 


Htdbaoids 

H + Cl = HCl 4 - 22 0 Cals 
H 4- Br = tU tr 4* 8 4 Cals 
H 1 = Ml —00 Cals 


OXVACIDS 

H 4* Cl 4- 30 4" Aq « HCTOjoq 4 * 24 0 Cols 
H 4 - Br 4- 30 4" Aq e: HBrOjaq 4* 12 4 Cals 
H -j- 1 4- 30 4* Aq = HlOjoq 4 - 42 G Cals 


Hence the order of the stabihty of the hydracids is HCl -HBi HI 
and of the oxyacids HIO 3 , HOIO 3 , HBrOg 

a 2M lodote, dissolve, say, 26 groms of potassium chlornto in 

nf ® ^ , add 20 gTotns of lodmo, and 1 o c 

solution In a few minutes cliomienl 
of thfi chlonno escapes from the flask Wien the violent 

*7*^ has subsided, boil the solution to drno off the chlonno Lot the 
lodate IS less soluble m cold water than poS^ium 
cSSUton the potassium lodato can bo sopSS by 

^ crystals of potassium lodnto , dissoho tho crvstaLi 

in hot water , neutralize the solution with potassium hvdroMdo and nnnl fTia 
solution Fairly pure potassium lodate cryst^izes from tho aoSmn ® 

Barium lodate, BaCIOglg —This salt can bo prepared by dissolvmc 
ic^e m an aqueous solution of banum hydroxide, or by tho additiol^f 

^ruw'f potossiunf lodato mite 

granular barium lodato IS precipitated- nuice 

^^3 -Iodic acid Can bo made by the 
proceffl desenbed for broimc acid, of course substitutmg iodine for bromine 
for mstance, by the action of dilute sulpbunc acid on banum ™ 

by the^aefaon^pf phlqrino'oh water^cmifainingjoainrin'^usnemi^ ’ 

aqueous solution of oblon6~aoid onToiS^’fodia 
acid, however, is usnaUy made by tho direct oxidation of Xe wft^ 
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lutnc aoid. The end products are usually represented IOHNO3 + L = 
amOj + IONO3 + 4H2O There is, however, no doubt that the reaction 
IS much more complex, and the equation does little more than show how 
iodic acid can be one product of the action of mtno acid on iodine 

Add 32 grams of powdered lodme, in small quantities at a time, to 130 grams 
of concentrated colourless mtno acid heated m a 600 c o flask fitted with a long 
nock to act os a condenser A onrront of air, carbon dioxido, or oxygon is passed 
through the mixture to remove the nitrogen oxides as fast as they are formed 
IVhen the iodine has all dissolved, and a white precipitate of lodio acid has taken 
its place, let the solution cool Collect the sohd lodio acid on an asbestos filter 
Dissolve the acid m the least possible quantity of hot water agam filter and 
allow the solution to reciystallize from a 20 per cent solution of nitnc acid 
If the iodic acid so prepared be not colourless, it must be again crystalhzcd 

The properties of iodic acid — Iodic acid is a white ciystalhne sohd 
readily soluble in ivator The aqueous solution first reddens blue litmus, 
and then bleaches the colour If iodic acid be treated with concentrated 
sulphuric acid until lodme begins to bo evolved, a yellow sohd is obtained 
which, after waslung with water, and then with elhor, furnishes numbers 
correspondmg with iodine dioxide, 10^, or iodine tetroxide, IjO^ — the 
molecular weight has not been determmed lodio acid does not give a 
blue colour with starch In some coses, it behaves as a monobasic acid 
formmg salts — ^lodates Most of the lodates are msoluble in water, and 
behave like the bromates when heated. The lodates form a scries of 
“ acid salts ” with iodic acid, thus 

KIO3 KIO3HIO3 KIO32HIO3 

Kormal lodato Umacid lodate Biaoid lodate 

These facts have led to the behef that, unlike the corresponding chloric 
acid, lodio acid is polybasio — ^may be HgLjOj lodme may be ter- or 
qumque valent in iodic acid, that is, 

HO-I<°~°>I— OH or HO— K® 

But really the constitution of the acid is not known with any degree of pro- 
babihfy When lodio acid is heated to about 170 °, it decomposes with tlio 
loss of water fonmng iodine pentoxide, LO3, thus 2HIO3 = H3O +I20g 
This substance is a white •hrysWlhnS'bohd which forms lodio acid when 
it IS dissolved m water, hence, iodine pentoxide is iodic anhydride It 
IS more stable than the other oxides of btonune or chlonne, but it decom- 
poses mto its elements above 200° 

Iodic acid IS an oxidizing agent It reduces hydrogen sulphide with 
I the liberation of lodme 2HIO3 + = 6S -f 6H3O -j- 12 , and with 

I bydnodic acid HIO3 -f- SHI = 3 ^ -f- SHjO , and with sulphur dioxide 
I 2HIO3 6SO3 -1- 4H2O = 6H3SO4 4- la- latter reaction is used as 

a test for lodates The solution is first acidified with hydrochlonc acid to 
f hberate the lodio acid, and then mixed with staroh paste Sulphurous 
I acid, or an alkahne sulphite, is then added drop by drop The hberated 
I lodme forms “ blue staroh iodide,” the characteristic reaction of 
I lodme 

The period of induction — ^The last-named reaction is very mtciesting 
because the lodme does not appear immediately the substances are mixed , 
there is a well defined penod of time— period of mduotion — between the 
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moment the reacting substances ate mixed, a,nd the f 

Its appearance The duration of the interval is dependent upon the con 
centStions of the solutions. This can be demonstrated in the foUotnng 
manner Dissolve 18 gram of iodic acid in a litre of \rater, also 
prepare a htre of an aqueous solution of 0 9 gram of sodium sulphite, 
Xa,SO, 7 HoO, 10 percent sulphuric acid, and 9 6 gra^ of starcli 
mode mto a paste ■with hot nater Add 100 cc of each solution o 

- Kote the time when the solutions 


separate beakers , and mix the t'wo 
are mixed Count the seconds which 
appears. Dilute each solution to 0 8, 


pass before the 
0 6, 0 4, 02 of 


starch blue 
its former 



concentration, and repeat the experiments 
■vsith the diluted solutions Plot the 
results as has been done m Fig 123 
If the concentration and temperature be 
constant, the same results can always 
be reproduced It is supposed that the 
first action is due to the reduction of the 
iodic acid to hydnodic acid SHoSOg -}- 
HlOg = 3H2SO4 + HI , and when all the 
sulphurous acid has been oxidized, this re- 
action IS followed by the reduction of the 
hydnodic acid by the excess of iodic 
acid HIO3 + 6HI = SHgO-h 3L The 
first reaction — oxidation of sulphurous 
acid — ^must bo nearly completed before 
the second one can start, because, as indi- 
cated above, the lodme -with sulphurous acid reforms hydnodic acid Since 
the maximum amount of iodic and sulphurous acids are present at the start, 
the first-named reaction must be fastest at the beginnmg, and afterwards 
gradually slow doivn Agam, since the velocity of a reaction is propor- 
tional to the amount of the reacting substances present in the system, the 
second reaction will be the slowest at the start, and gradually become faster 
The speed of formation of the lodme is therefore the resultant velocity 

of two consecutive reactions , and the belated appearance of the lodmc 

the period of reduction — corresponds with the time required for the first 
reaction to make enough hydnodic acid to enable the second reaction to 
make sufBcicnt iodine to colour the starch To summarize the successive 
steps in the reduction of iodic acid to iodine 2HIO3 2HI I,, where 
HI represents an “ intermediate compound ” characteristic of consecutive 
reactions generally 


10 so 30 00 SO 

Time m seconds 
Tia 123— Penod of Induction 


§ 12 Periodic Acid, and Perbromic Acid 

It ivas once thought that perbromic acid— HBr04 — could bo made by 
the action of bromine on perchlonc acid, but the evidence is not satisfactory 
and It is therefore somewhat doubtful if perbromic acid has yet been pre- 
pared. Penodic acid— HIO4— has not been made, but a large number of 
related salts, classed as penodates, are known These are somewhat 
difficult to understand because of their complexity Our study of per 
chlonc acid may help us a httle. Starting from the assumption that lo^no 
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IS septivalent in peiiodio anhydride — 120 ^ , the oonstitutional formula of 
iodine beptomde will be 

This compound has not yet been prepared, when it is, we infer that it ^vlll 
be analogous with the knoirn corresponding compound of chlorme — djO^ 
By adding water step by step to this oxide, we can imagme the senes of 
acids with the correspondmg salts represented in the following table 
Many salts have been isolated oven when the correspondmg acids are 
uuknoivn 


Table XHI — The Pebiobio Aoins 


IsO, 

with 

j 

Compounds formed 

Empinoal 
formula 
of aoid 

1 

Kame of acid 

Salts 

IHjO 

IiOo(OH). , or 2IOjOH 

HIO 4 

1 

1 Meta penodic acid 

1 

KI 04 . AglOj . 
etc 

2H.0 

I,0.(0H), 

HjIiO 

Duneso penodio acid 

No salts known 

3H.0 

I.04(OH)(,,or2IO-(OH)3 

1 

H 1 IO 4 

Meso penodio aoid 

1 

AgjIOs , 
Pbj(IOi)s! etc 

4H.0 

l!0,(OH), 


' Dipara penodio aoid 

1 

1 

Salts have been 
reported , pro 
bablymuctures 

8H;0 

1 

IjO.(OH)i«,or 2 IO(OH )4 

HjIO, 

Para penodio aoid 

AgsIO,, 
Ag-HjIOg, etc 
S^ts have been 
reported , jiro 
hahly mixtures 

OHjO 

I.0(0H),5 

1 

1 


Biortbo penodic acid 

THjO 

I!(OH)h , or 2I(0H), 

H,IO, 

Ortho penodio acid 

Nosalts known 


Nomenclatnre of the periodic aads and the periodates — Blien one anhydride 
forms a senes of acids by union with different amounts of water, the acid can't 
taming most water is called the ortbo'acid — ^from the Greek opOn (orthos) 
regular the other acids have prefixes, malong para-aud — from the Greek mpu 
(para), beside , meso-acid — ^from the Greek lupvc (meros), middle, mtermediate } 
and meta-acid — from the Greek /iera (meta) beyond, less than the highest. The 
di-adds are supposed to be formed by abstraction of one moleoule of water from 
two molecules of acid It will be evident that if the acids are polybosio, we can 
imagine the available hydroran atoms replaoed one by one If oil the available 
hydroOTn atoms are replaced by bases, the normal salt is obtamed , if only one of the 
available hydrogen atoms is replaced, the primaiy salt , if two, the secondaty salt , 
if threo, the teruary salt 

Secondary sodium para-periodate has the composition NajfeCalOj 
thus correspondmg with para-ponodic acid, or HIO^dHjO 
prepared as a sparmgly soluble salt by passing chlorme mto an aqueous 
solution of sodium lodato and sodium hydroxide NalOj SNaOH 
-f- Ch = 2NaCl -f- NajHjIOj The periodate is dissolved m mtric acid 
and silver nitrate is added to the solution Crystals of silver meta- 
penodate — ^AglO^ — correspondmg with meta-pcnodio acid, separate when 
the solution is concentrated by evaporation 

Para-penodic aad — When silver meta penodate is boiled with water, 
an insoluble salt, secondary silver para-penodate, is formed along with 













299 


OXIDES AND OXYACIDS OF CHLORINE, ETC 

parapenodio acid, H5IO6, or HIO4 2H2O Thus 2AgI04 + ^HoO = AggHglOQ 
+ HglOg When the clear solution is concentrated, dehquesceut ciystals 
of the para-penodio acid are obtained This acid molts at 133®, and de- 
composes mto iodine pentoxide, water, and oxygen at 160® The uater 
cannot be expelled by heat because oxygon is evolved along ivith the 
water 

A small quantity of potassium penodato is said to occur m native Club 
saltpetre, along with some sodium lodate 


§ 13 The Halogen Family of Elements, 


Fluonne, ohlorme, bromine, and iodine together form a remarkable 
family of elements The whole group is sometimes called the halogens — 
from the Greek (hals), sea salt , yepydto (geimao), I pioducc This name 
was apphed because these elements — pnncipally chloruie, bromine, and 
lodme — are found m sea-water, and the sodium salts resemble sea salt 
(sodium chlondo) The fluorides, clilorides, brouudes, and iodides aro 
often called the halides The family relationship of the halogens is illus- 
trated by — 

(1) The siviilaniy m the chemical and physical properties of the 
elements and their corresponding compounds 

(2) The gradual transition of chemical and physical properties such that 
if the elements be arranged in order F, Cl, Br, I, the variation m any 
particular property in passing from fluorme to iodine nearly always pro- 
ceeds m the same order, and that is the order of their atomic weights 

The relationship m the physical properties of the halogens can best bo 
emphasized by the tabular scheme 


TABtE XIV — ^The PmsioAi, Pbopebties or the HAL00r^s 


Property 

Fluonne 

Chlorine 

Bromine 

Iodine 

Atomic weight 

State of oggrogation 
Meltmg point 

Boilmg pomt 

Specific gravity 

Atomic volume ' 

Colour of gas 

Solubility (100 0 c water at 
20°) dissolves grams 

19 

Gas 1 

-233® 
-187'’ ! 

114(hq) ' 
10 7 

Pale yoUow 

Decomposes 

water 

30 40 

Gas 
-102'’ 
—33 O'* 

1 66 (hq) 
22 0 

Greenish 
j ellow 

0 0001 

79 02 
Liquid 
-7 3'* 

OS'* to 63'’ 

3 19(hq) 

26 1 

Brownish 

red 

0 032 

120 92 
Solid 
-1-114'’ 
IBS'* 

6 (solid) 
20 6 
Violet 

0 00015 

All Al.- 1 -7 a. 



u' uiuugens lorm compounds -vwth hvdroEcn and tim 

^mth which union occui-s decreases as the atXc we/aht 
properties of the halogen acids and their salts show as stnSn^ a 
ship OT ^e elements themselves, and are shorni 111 Table XV 

The Imihng pomt and composition of the acid of cwis^ItVnS^^ T 

1 Atomic volume is tbo otomio weight dmdod by tlio specific grovity 
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with oxygen But with oigrgen the relationship is not so clearly defined 
Thus although fluonne forms no known compound with oxygen, numerous 
compounds of oxygen with chlorme have been obtamed , and, judgmg 
by the known compounds with oxygen, the aflSmty of bromme for oxygon 
appears to be less, not greater, than is the case with chlorine, although we 
must remember that bromme has not been investigated so much as 
chlorme Chlorme, bromme, and lodme form an unstable senes of 
compounds analogous with hypochlontcs and chlorates, but the bromme 
analogue of perchlorates has not been prepared 


Table XV — ^The PaowaiTrEs or the HALom Aams 


Property 

Hydrogen ! 
fluonae 

HydroMn 

chloride 

Hydrogen 

bromide 

Hydrogen 

iodide 

Molecular weight I 

20 

36 46 

80 93 

1 127 93 

Boilmg point 

10 4° 

-83 4° 

-87 1° 

-36 6(4 atm) 

Meltmg pomt 

-92 6° 

-111 4° 

-88 1' 

-60 0° 

Solubility m water 

' 36 3 % 

42% 

-40% 

67% 

Specific CTavity saturated 
aq sol 

Boilmg point aq sol 
Dissociates at 

Heat of formation (Cals ) 

1 16 

111° (43%) 

•f 38 6 gas 

1 21 

110° (20%) 
1600° 

-)-22 0 gas 

1 40 

126° (47 %) 
800° 

+12 3 gas 

1 70 

127° (67%) 
180° 

+0 4 gas 

Heat of formation of K 

salt (Cals ) 

no 6 

106 7 

05 3 

80 1 

Potassium salt melts 

886° 

700° 

760° 

705° 

Calcium salt melts 
Solubility Ag salt (20°) 

1330° 

780’ 

760 

740’ 

per 100 0 0 . water 1 

SolubihtyCa salt per 100 , 
0 0 solution 1 

1 

181 8 

0 010 

0-00084 

0 000028 

0 10 

1 

42 7 

68 8 

67 0 


Questions 

1 You are required to establish experunentally the vahdity or otherwise of 
the following equation 6KOH + SlJl- = KClOj + 6KC1 + SH.O Desenbo 
in detail the methods you would employ -Science and Art Dept 

2 Cesonbe the preparation and properties of the ovides and oxy acids of 
chlorme AVhnt is understood by on endolhermte compound, ond by w hat pccu 
hanties are such compounds distinguished T — Aberdeen Untv 

3 Make out a table companng the various members of the chlorme faimh — 
Princeton Umv , U S 4. 

4 Calculate the percentage of " active chlorme ’* in a sample of bleachmg 
powder from the followmg data 10 grams of the powder was extracted with 
BOO c cm of water , 26 c cm of the extract when added to an acidified solution of 
potassium iodide set free lodme equivalent to 32 7 c cm of A N solution of sodium 
thiosulphate (Cl := 35 6 , I = 127) — Untv North Wales 

B Desenbe the methods by which iodic and jienodic acids ore best prepared, 
ond discuss the endence afforded by these compounds as to the i alenoy of lodmo 
— Science and Art Dept 

6 How can chlorme be prepared from bleachmg powder ’ Wliat is the cSeot 
of passmg chlorme mto an aqueous solution of (a) hvdrogen sulphide (6) sulphur 
dioxide, (e) potassium hydroxido, (d) potassium iodide 1—Sheffield Untv 

7 Point out the chemical similarity between chlorme, bromme and lodme 
Whot IS this group called T How is each of these elements set free from a salt 
contoinmg it l-Shegldd ScierUtfic School, USA 












301 


OXIDES AJTD OXYAOEDS OF CHLORINE, ETC 

8 Tliroe salts are known wlucli contain oxygon in addition to potossinm and 
chlonno Write the forinults of these salts and o'^lnni how each salt con bo 
(o) prepared, (6) recognized, (c) made to furnish chlorine — Sheffield Unit' 

9 Make a chart of the halogens (a) in the order of the atomic weights , (6) 

S ving the colour of each , (c) ^ving the physical state of each , (d) and the ro- 
tivo stabdity of the common acids — Amherst Coll , U S A 
10 Give the low of multiple proportion, illustratmg from the senes of chlormo 
oxyacids — Amherst Coll , V S A 

11 It has long been known that the decomposition of potassium chlorate is 
effected at a lower temperature in the presence of certain metalhc oxides, that 
bleaching powder will jneld oxygon in the presence of cobalt oxide, and that 
oxygon IS evolved from hydrogen peroxide bj the addition of finely divided sih cr 
or platinum What explanations con you gi^o of such chances ? — Science and 
Art Dept 

12 Compare and contrast the projiertics of hydrogen fluonde ond of h\ drogen 
clilondo , and the properties of the perchlorates with those of the penodates — 
Owens CoU ^ 

13 “ The most important compounds of clilonno with hj drogen and oxygon 
are hjpochlorous acid, clilonc acid, and perchloric acid” Describe hoi\ >oii 
would prepare each of these acids from chlormo ns tlio starting product By n lint 

reactions could you distmguish hydroclilono ncid from hypochlorous acid ’ 

London Univ 

14 How do you account for the greater stability of perchloric ns compared 
with ehloTio acid ? — Soard of Educ 

16 What 13 meant by saymg that lluonno is a " halogen ” T Compare its 
mopertics with those of the other halogens, ond describe the preparation of two 
nuondffi, one of a metal, and the other of a non metal, beginnmg with the fiuonno 
m the form of fluorspar — London Univ 

16 Trace the successive reactions m\ol\ed m the production of hypochlorites, 
chlorates, ^d Mrchlonito, disoussmg for each stage the chemical change which 
occim m It, and the conditions under which it takes place By what properties 
are these salts so\ orally distmguishcd 7 — Board oj Educ > ^ * 


Note for Page 240i 

A 'J ^ the vapour pressure of n 

mixture of TOlomel and mercury will bo equal to the sum of the vnnour orc«wnrn 

dissociation, and less than this^imif ^^cm 

showed that the observed Sour 



CHAPTER XVI 


Eleotkoltsis and the Ionic H\pothesis 
§ I The Products of Electrolysfs. 

One or both of the products of electrolysis may bo an insoluble sohd, 
a soluble hqmd, a gas, etc When an insoluble sohd is formed it will cither 
stick to the electrode, or fall to the bottom of the electrolytic cell (Rg 6) , 
if a gas, not too soluble in the electrolyte, be formed, the gas can be colkcted 
as mdioated in Fig 17 Soluble sutetances are not usually visible The 
soluble matters can often be isolated more or less completely by surroundmg 
the proper electrode with a porous pot which retards the diffusion and 
rmying of the products separated at the two electrodes This is done, for 
example, in the industrial preparation of ohlorme 

It ivdl be remembered that durmg the electrolysis of copper sulphate, 
the products of the electrolysis wore copper, sulphunc acid, and oxygen 
This is more than was present in the copper sulphate used at the start 
It IS therefore assumed, os a tnal hypothesis, that ions Cu and SO* are pro 
duced at the electrodes during the passage of the current , that tie copper 
cation camos a positive charge of electricity, and the SO4 amon a negative 
charge Consequently, the On ion will be found at the n^ative electrode, 
and the SO4 ion at the positive electrode The 10ns are de eleotnfied at the 
electrodes the Cu at the cathode, and the SO4 at the anode The de elec- 
tnded copper 10ns are deposited as metallic copper about the cathode , and 
thede electrified SO4, at tlie anode, reacts at once with the solvent (water), 
produemg sulphuric acid and oxygen 2SO4 + 2H.jO = 2H2SO4 + Oj. 
VTien an aqueous solution of iiotassium nitrate is electrolyzed, pota^um 
h3'drovido and gaseous hydiogcn are formed at the cathode , and mtric 
acid and oxygen at the anode It is assumed that the potaskum mtiato 
18 first decomposed mto two electrified ions, K and NO3, at the elec- 
trodes , and that the K ion, when de eleotnfied, reacts with uater at the 
cathode, producing potassium hydroxide and ly^dipgen , and the KOg 
ion, when de oleotrifieff at the anode, reacts with water, giving nitnc acid 
and oxygen dlfOg -f 2H2O = 4HNO3 + 0 ^ 

Again^ if a solution of sdver nitrate be electrolyzed with silver electrodes, 
metaUic silver is deposited at the cathode, and the mtne acid produced at 
the aqode attacks and dissolves the cathode formmg silver mtrate This 
explains how the total concentration of a solution of silver nitrate does 
not alter if electrolyzed m a cell with a sdver anode The mtnc acid 
produces more sdver mtrate as fast as it is formed Simdar remarks 
apply to the electrolysis of copper sulphate with a copper anode, etc 
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Electroplating— H copper sulphate were used os electrolyte m place of 
zinc sulphate, Eig 5, metalho copper -would he precipitated at the cathode, 
and sul^iunc acid nould have been formed about the anode , ’«^Jh silver 
mtrate, metelhc silver would collect about the cathode, and mtnc acid 
about the anode If a plate of silver be used m the 
electrolysis of silver nitrate, metalhc silver will he di^olved by the nitnc 
acid as fast as the acid is formed Thus, the concentraLon of the silver 
nitrate in the solution will remam unchanged and metalhc silver be 
transported to the cathode This is the pnnciple of the method of electro- 
platmg In the case of “ sdver-plating ” a finner and morc uniform 
deposit of silver is obtainerl by using a solution of silver cyanide in potM 
Slum cyamde as the electrolyte in place of silver mtrate The article to be 
plated, say a brass spoon is attached to a min and dipped in the solution 
of silver salt, and tins is made the cathode A bar or sheet ol sdver is made 
the anode A rather -weak electric current is sent through the electrolyte 
The electrolyte is decomposed and silver (cation) is deposited on the article 
to be plated tcathode), the anion coUectmg at the anode dissolves the 
silver anode, and thus keeps the strength of the electrolyte unchanged 
What IS dissolved at the anode is deposited at the cathode Salts of 
other metals— mckel, gold, copper, platinum, etc — can be used as elec- 
trolytes m a similar manner, and accordin^y articles can ho nickel- 
plated, gold-plated, etc The plated articles may bo afterwards 


burmshed 

We first inquire if there is any relation between the quantity of elec- 
tricity passmg through an electrolytic cell and the amount of decomposition 
Hi order to fix a standard of measurement, let the quantity of clcc- 
tncity required to deposit 0 001118 gram of silver be called a coulomb 
Hence 108 grams of solver, that is, a chemical equivalent of silver, will be 
deposited by 96,540 coulombs of electncity Tins amount of electncity 
IS often called a farad The qusintily of an element liberated by? 
the passage of one farad of electncity is called the electro-chemical) 
eqiuvalent of the element 


The so called “ hydraulic analogy ” of on eloctnc current might hero bo cited 
to remmd the student what ho probably learned m “ Pliyaics ” The quantity of 
water flowing througli a pipe can be expressed m gallons or cubic feet per second , 
in a sumlar -waj , quanfi^ of electriafy may bo e-^prossed in terms of coulombs 
I)er second An electno current carrying ono coulomb per second is called an 
ampere A coulomb by tho same analogy would correspond with, 8a% , a gallon or 
cubic foot of -water The total quantity of wotcr dolivored by a pipe is detor- 
mmod by the “ bead ” or pressure of water, so that in order to pass a certain 
number of gallons per second through a given pipe, a certain pressure must to 
appbed to o\orcomo the frictional resistance of tho pipe In tho same way, n 
certam electromotive force— olectncal pressure— is required on account of the 
resistance offered by the wire to tho flow of electncity Just os water pressure is 
measured m pounds per square mch, or m feet “ difference of level ” or “ liend,” 
so the nmt of olectncal pressure, tho volt, is the difference of potential needed to 
produce a current of one ampere in a conductor whoso resistance is equivalent 
to that of a uniform column of 1 4 4G grams of mercury, 1 00 3 cm long The resist- 
ance of such a column is called an ohm Honco a volt is tho clcctno pressure 
required to produce a current of ono ampere in a conductor of ono ohm resistance 
Tho terms voltage, electrical pressure, and electromotive force are generally applied 
synonymously to an electnc current, or, if tho current is not directly under con- 
sideration the term difference of potenbal is used It is of course needless to 
dwell on tho fact that tho analogy used above m comparing on clcctnc current with 
a movmg fluid is merely n convemence It is probable tbnt electricity is not n 
fluid, and tho analogy must not bo earned much further ' ^ 
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§ 2 Faraday's Laws of Definite Electrolytic Action. 


M Faraday (1834) found that the amount of ohemioal work done by 
an oleotno current is directly proportional to the quantity of electncify 
which passes through the electrolyte If one farad leads to separation of 
108 grams of silrer, two farads rnll lead to the separation of 216 grams of 
silver, and so on. Similar results are obtained with other electrolytes 
Hence said Faraday “ the chemical decomposing action of a current is 
constant for a given quantity of electiiaty " Or “the quantify 
of chemical decomposition is evaotly proportionate to the quantity of 
electricity which has passed through the electrolyte , ’’ and consequently, 
“ the products of decomposition afford a veiy excellent and valuable 
measure of the electricity concerned in their evolution ” The increase m 
the weight of, say, the negative electrode dunng the electrolysis of silver 
nitrate, or copper sulphate owing to the deposition of metalho silver or 
copper respeotively.'ire a measure of the quantify of eleotncity which has 
passed through the ^stem A cell specially designed for such measure 
ments is called a silver voltameter or a copper voltameter respectively 
Provided there are no disturbing secondary actions, the amount of 
electro decomposition is not affected by the strength (or mtensity) of the 

current, the time the 
current is passmg, 
the concentration of 
the solution, the 
nature of the dis 
solved substance, nor 
by the temperature, 
lie same quantify of 
electncity will always 
hberate the same 
quantity of the elements stated. The accuracy of the law is said to have 
been established for “ currents so small that a centuiy would bo required 
for the separation of a milligram of hydrogen ” andm large electrochemical 
works, the law is continually being venfied by the passage of milhons of 
coulombs. In every case, the law desenbes the phenomena exactly 
Again, let a current be stmvlianeously passed through six cells con 
toimng respectively dilute sulphuno acid, aqueous solutions of silver nitrate, 
raprous chlonde, cupric sulphate, gold chloride, and stanmc chlonde 
Ihe e^nment is conducted by arrangmg the electrolytic ceUs as 
ulustratcd m the plan. Fig 124 After about half an hour’s electrolysis 
the amounts of the different elements collected at the cathode can be 
weighed or measured. The results will be very nearly 


- ‘I'l - 

Battery 
ElecirolffitcCell<s 

H O Ag Cu Cu Au Sn 
Fio 124 — Experiment illustrating Faraday’s Lairs 


Dilute H;S04 AgNO, CuCI CuSOi AuCa, 
Cathode Anode 8o?J 

Hjdrogen Oxygen Silver Copper Copper Gold 
Aiwnnt found 0 0206 0 2120 2 9370 1 0900 0 8440 1 7^70 

If H = 1 1 8 108 03 6 31 8 66 7 

Atomio weight 1 01 10 107 9 03 0 67 6 197 2 

Valency 1 2 1 \ 2 3 


Sna, 


Tm 

0*7554 cram 
29 8 
119 
4 


Accordmgly chemically eqmvalent quantities of the different elements 
(that IS, atomic weight - valency) are hberated by the passage of 
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the same quantity of electricity Consequently, the electrochemicali 
equivalent of an element is numerically the same as the chemicalf 
equivalent 

At first sight, this result appears to contradict the principle of excluded 
perpetual motion, because, if the current from a ZnlH 2 S 04 |Pt battery be 
sent through an indefimte number of electrolytic cells containing dduto 
sulphuric acid, the same amount of hydrogen would be hberated in each, 
and sufficient hydrogen could, bo collected to furmsh, on combustion, 
enough heat to evaporate the solution of zinc sulphate in the battery to 
dryness, to transform the zinc sulphate to metalhc zinc and sulphuric acid, 
and so reconstruct the batteiy , and have some hydrogen rcmaimng in excess 
The e-gienment a\ ould fail The current would not traverse an indefinitely 
large number of cells W H Wollaston showed m 1801 that electrical 
energy is the product of two factors, and that “ quantity of electricity ” 
IS only one of these factors Faraday’s law describes the influence of 
“ quantity of electncity ” ux>on electrolysiB It says nothing about the 
eleotneal pressure — ^the electromotive force, desenbed m volts — ^required 
to drive the necessary qvantily of olcotncity tlirough the system Hence 
Faraday’s work may be summanzed The same quantity of electricityi 
passing through one or more electrolytes connected up in series, will i 
liberate m each cell chemically eqmvdent amounts of the products of * 
electrolysis, provided the electromotive force permit the necessary! 
Client to be maintamed It might hcie be added that, for reasons 
which will be discussed later, a certam specific eleotneal pressure oi voltage 
—called the decomposition voltage— is required to electrolyze a given 
solution , thus, hydrochloric acid reqmres about 11 volts, end sodium 
chloride about 4 volts 


each positive oIiotot of olootrioity bo represented by a small dot, and each 
negative charge by a small ^ash at the upper right hand corner of the chemical 
B^bol for an dement, then, a silver icn will be wntton Ag , a rmc ion bj Zn 
a mtrate ion, NO/ ond a sulphate ion b> SO/ In the elootroW of nouoous’ 
solubons of salts, etc , the separation of an ion at ono electrode is alnavs attenfln/i 
by the separation of a ohemioally oqui\alont ion or ions ni tlm 
For instance, with zinc clilondo, for even^ Zn 

cathode, two 01' ions wiU be de clectJlfiedTtho anoSo “ at the 


We have 3 ust seen that the electrochemical and chemical equivalents 
arc numerically the same, and therefore the electrocliomical coiiivalfint# 

dividing the atomic weight by tbe^alenoyl 
The same quantity of electricity — positive or necativo— nmfif fhoi. 
be carried by each umvalont atom, and acconmaS®fm 
m the tad Tta, quLnftyZ Z?r”5 

the ion A univalent ion thus carries one charce of oleefcnofi v /^n kja 
coulombs), a bivalent ion two oharses and an <» 'D-niA ^ ^ 

to tta ™w, ta 

The equivalent weights of bodies nro *i 

equal quantities of eleotnoity, or have which contain 

electricity which determined tlm eJuivSS ^“4 

combining force Or, if we adoprthratomm^ie^^®®“T tlie 

otoms of bodies which are equivalent to each then tlio 

h.v, equal 
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Berzelius’ dualisbc theory — According to J J JBci-zoInis (1812) each 
^ment possesses a definite quantity of positive or negative clcotnoify 
os an integral part of its constitution, and “ eveiy chemical action is funda 
mentally an electrical phenomenon,” and “ eleofcrioity is the first cause of 
all chemical activity ” The varying degrees of chemical affinify were 
mpposed to imply that the different substances were chained mtli varying 
guantities of oleotnoity lAnien, say, sodium unites inth o-^ygen to form 
the base sodium oxide, Na^O , and sulphur ivith o'^gon to form the acid 
anhydride sulphur trioxide, SOg, primary compounds or compounds of 
the first order are formed But the electrical attractions ivoro not 
supposed to bo always neutralized during the formation of these primary 
compounds, for the excess of positive or negative electricity caused a 
further attraction between tlio acidic and basic radioles, and resulted in the 
formation of compounds of higher orders 

The duahstio theory reign^ supreme in chemistry for many years, 
but it was practically abandoned uhen Avogadro’s hj’pothesis was gene- 
rally accepted, beoause Berzehus’ theory was incompatible with such a 
comparatively simple reaction as 2Ha + Og = 2H2O According to Berze 
bus, the compound nature of 0x3 gen is duo to different clcotncal oharges 
on the component atoms of the moleoulc This docs not agree with the 
supposed identity of the resulting two molcoulcs of water, HgO Again, 
J B Dumas (1834) showed that the hydrogen atoms in compounds hko 
CH^ can be replaced one by one by atoms of olilonne J J Berzelius 
had postulated that hydrogen is an electro positive clement, and chlorine 
electro negative as exemplified in hydrogen ohlondc Hero, in Dumas’ 
substitutions, a negative element can bo exchanged for a positive element 
without fundamentally altering the ohemical character of the resultmg 
compounds Facts like these brought Berzelius’ theory into disfavour 
Faraday often expressed his conviction that “’the forces termed chemical 
affinity and oleotnoity are one and the same ” , and that “ chemical 
affinity is a consequence of the eleotneal attractions of particles of different 
kmds of matter” Contrary to Berzelius’ assumption, Faraday proved 
that on eleotrolysis definite and fixed guantities of clectnoity are associated 
with the atoms of matter, although atoms of the same land of matter in 
^fferent compounds, on eleotrolysis, might bo charged ivith different yet 
defimte quantities of positive or of negative electricity These statements 
are not antagomstio to “ the kinotio theory of atoms ” (p 121), 


§ 3 The Velocity of Electrolytic Conduction 

^ oleotno current travels through an electrolytic solution as quickly 
M if the same current were sent through a copper were of the same resis- 
tance, and the products of eleotrolysis appear simultaneously at both 
rtectrodes however far apart the electrodes bo placed N M Hopkins 
(1906) passed a current through a tube 1600 cm long, and through another 
tebe 10 cm long, and measured tlie time required for the current to pass 
^ means of a c^nograph sensitive to nearly 10,000 cm per second 
Xhe tubM were filled with dilute sulphunc acid and fitted ivith electrodes — 
the anode of copper, and the cathode of platinum As soon as the current 
passes, bubbles of hydrogen appear at the cathode simultaneously with the 
blue colour of copper sulphate at the anode The electrolyte 1600 cm 
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long conducted as quicldy as an electrolyte 10 cm long The expenment 
can be illustrated by the apparatus sketched m Fig 125, T\hich almost 
explains itself The long spiral 
tube contains the electrolyte 
as m Hopkins’ expenment As 
soon os the circuit is closed, 
electrolysis begms 

The knoTvn rates of diffusion 
of molecules m solutions ate 
altogether too slow to allow the 
SO 4 which attacked the copper, 
to have come from the same 
HjSO^ molecule as the hydrogen 
hherated at the cathode 
Further, it is supposed that 
the electrical energy used m 125— Velocity of Eleotrol3rticConduction. 

electrolysis is entirely expended in overcoming the resistance of the 
electrolyte, and no measurable quantity of work is needed for tearing 
apart the components of the dccomposmg molecule Honce it follows 
that the mole^es of an electrolyte m solution must be m a condition I 
to conduct the electric current immediately the necessary electrical 
stress is apphed to overcome the resistance of the liquid 



§ 4 The Effect of the Solvent 

The more care taken in the purification of water, the lc«s does it con- 
duct electncity, and consequently, it is assumed that pure water is a 
non-conductor in spite of the fact that perfectly non conductmg water 
has not yet been made Pure dry hquid hydrogen chlondc, hkc water 
appears to be a non conductor A mixture of water and hydrogen ohlonde 
IS an electrolji:e Hence it is inferred that the electrolytic conductivity of a , 
solution IS a property of solvent and solute, and not a property of either^ 
consfatoent alone Salattaas of dry hydrogen chlondc m some solvents 
— e-ff dry benzene or chloroform— do not conduct electricity, and solutions 
of rome substances in water conduct no better than water itself— co- 
soli^ons of sugar or alcohol m water Hence also, it folloivs the 
mecteolyhc conductivity of a solution depends upon some specifi^/- 
solvit and the solute In a general way, aqueous 

are oCitAi conduct electricity, and these substances 

are ^ten caU^ electrolytes, not because the salt conducts the current 

SomeS? solutions conduct the current electroIyticaUy' 

Some fused salts — e g silver chlondc — conduct dectrolytically, ^ 

§ 5 The lomc Hypothesis 

Let us leam to droam. then perhaps we eholl find the tivth —A Kfkvv^ 

The mam facts so far estabhshed by our disco&sion n' -nu»« 

attending electrolysis may now be sumianzed ^ Phenomena 

(1) Electrdytes m solution conduct electncity, and the process of 
oondud.™ attendod Ij, a aplrtfng of tho'nSdK 
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of the solute into anions and cations , the anions appear at the 
anode, and the cations at the cathode The separation of a 
certain number of amons at the anode is simultaneously 
attended by the separation of a chemically or electncally 
eqmvalent number of cations at the cathode Dnnng electro 
lysis, the amons and cations appear to be discharged elec- 
trically, because electrically neutral molecules appear as secondary 
products of the electrolysis 

(2) The anion ivhioh separates at the anode is not necossanly denved 

from the same molecule as the cation which appears at the 
cathode 

(3) Solvent and solute together make a conductmg medium, smce as 

a rule neither solvent nor solute alone shows a marked capacity 
for conductmg eleotnoity 

(4) No measurable tune is needed to put an aqueous solution m a 

condition to conduct the current Immediately, the necessary 
difference of potential appears at the electrodes the process of 
electrolysis begms 

(5) Osmotic pressure and related phenomena show that electroljdes 

m dilute solution have what seems to be a molecular weight 
which suggests that the “ ordmaiy ” molecule of a solute m 
certam solvents is dissociated into two parts 

As a tnal hypothesis it may be assumed that the mere presence of the 
solvent leads to the fission of the molecules of the electrolyte mto sub 
molecules, each of whi^ is charged with a defimte amount of positive or 
negative eleotncity eqmvalent to 96,540 coulombs per chemical eqmvalent 
The solution does not itself appear to be electrically charged, and hence 
it IS assumed that equal quantities of positive and negative eleotncity are 
developed by the rupture of the molecules of the eleotrol 3 'te durmg the 
process of solution bolutions of electrolytes are supposed to normally 
contain a defimte proportion of the Bub-moleonles charged with eleotncity 
By a modification of Faraday’s defimtions (p 24), the “ sub molecules ” 
are called ions, and consequently ions are atoms or groups of atoms 
which carry a positive or negative charge of electnaty, and tiiey are 
formed by the dissoaation of the electrolyte m the solution Each 
molecule, on dissociation, furnishes two kinds of ions with equal and 
opposite charges of electnaty To avoid confusmg the phenomenon of 
dissociation in which the products are not charged electncally, vnth the 
dissociation of a molecule into electncally charged ions, the term ioniza- 
tion is reserved for the latter phenomenon The ionization of hydro 
chlonc acid is represented m symbols HCl ^ H -fd' , and of sodium 
clilonde NaCl ^ Na -j-C3' This starthng hypothesis appears so incredible 
and so opposed to the mstmet, “common sense,” or prejudices of the 
chemist that it has been assailed by much wholesome cnticism — ^par- 
ticularly by H. E Armstrong For instance, it is asked 

1 In view of the great chemical activity of metallic sodxmn in contact with 
vxtler, IS if projitaile to postulate the existence of the dement sodium in con- 
tact with water without diemical action f This objection is said to “ rest 
on a misunderstanding,” because dectricaUy charged tons of sodium m an 
aqueous solution of sodmm ohlondc are very different fiom neutral atoms 
of motalho sodium The ions of sodium cany large charges of eleotncity 
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It IS urged that “ chemists know practically nothmg about the properties 
of atoms carrjong large charges of eleetncal energy,” and also that the 
chemical activity of an atom of sodium charged wath its 96,640 coulon^s 
of olectncity is much less than a neutral atom of sodium ’ In other words, 
the presence of the electrical charge on the sodium ion keeps the ordinary 
chemical activities of the atom in abeyance This means that whenever 
a chemical difficulty anses m the apphcation of the ionic hypothesis the 
assumption is made that “ neutral atoms or atomic groups and ions are 
different substances,” because the properties of a substance arc determined 
as much by the energy it contams as by the kind of matter Li this nay, 
the ions have been mvested with such imaginary properties as maj be 
needed to keep the ionic hs^iothesis consistent with facts 

2 Bodies carrying electrical charges of opposite sign are attracted and 
ding to one another, if therefore a mobile solution contains “free and inde- 
pendent '' ions carrying enormous electrical charges of opposite sign, how 
can the charged ions remain more than momentarily free ? It is assumed 
that a certain proportion of the molecules of the solute are contmualty 
breakmg down into free (charged) ions, and a certain proportion of the 
ions are contmually recombimng to form ordinary molecules, tlie result is, 
that the ratio between the number of free ions and paired ions (molecules) 
remains unchanged- This statement, of course, does not answ'cr the per- 
plexing question Attempts have been made to refer the difficulty to the 
specific msulatmg properties of the solvent The action of the solvent 
has been compared with the function of the glass in a charged Lej'dcn ]ar 
This agrees mth the non conductmg quahties of pure water, but experi- 
ments have shown that the relation between the insulating properties of 
a solvent and its ionizing properLes is not an adequate and sufficient 
explanation of the observed facts Tlio two phenomena do not always 
vary concomitantly A satisfactory answer to the question, therefore, has 
not yet been found 

3 If an ionized salt, say, sodium chloride, is present in solniton as a mixture 
of Na and CV ions, it might be thought possible to separate the two components 
by diffusion or by some other mechanical process S Arrliemus answers 
that the great electrostatic attraction of the oppositely charged ions pre- 
vents any marked diffusion W Nemst, however, has shown that the 
concentration currents produced when, say, a solution of sodium clilorideis 
carefully covered with a layer of water, leads to the conclusion that the 
greater mobihty of the clilonne ions charges the upper layer negatively, 
and the lower layer positively, so that a current of electricity can be obtamed 
by placing the two layers in eleetncal contact— See “Concentration 
cells ” 


4 117^ a compound is formed from its dements until the loss of energy, 
the compound cannot be resolved into its dements unless energy be supplied 
It IS therefore pertinent to inquire What is the source of the energy which 
Uads to the fission of the molecuh into ions carrying equal but opposite charges 
of electricity ? Here, agam, it is necessary to reiterate that the ionic hypo 
thesis refers not to the separation of a compound into its onginal consti- 
tuents, but into charged ions , and it is mterestmg to obsen-e that mole- 
cules of sodium chlonde, etc , which appear to be very stable when drj, 
react with great facihty when in solution A little heat is supposed to bo 
evolved during the lomzation of many (not aU) electrolyt^ and the 
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process of ionization is then presumably accompanied by an exothermal 
I'eootion which more than compensates for the energy needed for the fission 
of the molecule into oppositolj charged ions J D i an dcr Waals (1801) 
B expressed the idea that ionization is primarily duo to the aifimty of ions 
,for the sohent, and that the heat of hydration of the ions furmshes the 
; energy needed for the ionization of the salt To this, D Konowalon 
(1893) adds. “ only those solvents nhich react chemically inth the solute 
furmsh solutions which conduct electricity ” 

' These answers, based on circumstantial evidence, are not altogether 
satisfactory, but they have made it almost cortam that if ions are formed 
at all, the ions do not usually exist alone m the solution, but that each 
ion forms a complex by association with a defimte number of molecules 
of the solvent The lomo theory primarily assumes that the apparent 
number of solute “ molecules ’’ is mereased by ionization, and it makes 
very httle difference to the apphcations of the ionic theory whether it be 
assumed that each ion is isolated as a distinct mdividnal, or w hether each ion 
forms a complex with the molecules of tlie solvent The number of ions is 
the same m both cases The explanation of the phenomena, particularly 
when solutions other than miter are considered, is beset with many difiS- 
oultics on account of the unknown relations between the solvent and solute 
So much 18 this the case that M. lo Blanc (1907) considered “ it to be very 
fortunate for the advance of electro chemistry that such comphcations 
are generally, though not always, absent m the case of aqueous solutions. 
It 18 due to this fact that it has been possible to deduce simple laws from 
the study of aqueous solutions ’* 

Several attempts ha^ e been made to work out a consistent explanation 
of the fundamental facts mtliout a theory of charged ions, but with hypo 
theses based upon the formation of imagmary molecular complexes by a 
reaction between polymenzed solvent and the molecules of the solute. 
The difficulties, however, ore discussed m special text-books 

These controversial matters are mentioned m this elementary book to 
emphasize the fact that an explanation of a phenomenon may contain 
part of the truth, and yet not “ the whole truth, and nothmg but the truth.” 
In that case, we try the hypothesis by the test mdicated m the first chapter, 
and ask Is the hypothesis useful ? The answer is that the lomc hypo 
thesis has done good work, and it promises to do more An hypothesis is 
not always to be discarded as a first approximation, because troublesome 
exceptions crop up from time to time Newton’s theory of gravitation, 
for mstance, appeared to be afflicted with such blemishes — ^particularly 
in its early days , so was the theory of opposmg reactions once considered 
to be unreasonable folly In spite of important difficulties, wo shall now 
try how the lomo hypotiiesis fits m with a few important phenomena. 

History — ^R Clausius (1857) first suggested that the molecules of a 
solute are ionized when dissolved m the solvent, but Clausius appears to have 
had some “ chemical ” misgivmgs, for he added that the ionization only 
affected an infimtesunally small fraction of the total number of dissolved 
molecules. As the ions are discharged at the electrodes durmg electrolysis, 
more molecules are ionized The im-iomzed molecules keep the electrolyte 
constantly supplied with a definite number of ions. The ions conduct 
the current , the “ undissociated ” molecules are inactive Further, at 
any given temperature, there is a constant relation between the number 
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of unionized molecules, and the number of ions W Gieso (1882), and 
S Arrhemus (1884), more bold, or less cautious, than Clausius, assorted 
that a consido mble fraction of tlio dissolv ed molecules are ionized, imd 
that the numb er of i ons merges more and more as, the solution becomes 
more~ahd"more dilute W Ostwald, J H van’t Hoff, W Nemst, and a 
large'httmber of other ivorkors have followed the logical consequences of 
Arrhenius’ hypothesis m a great many directions , the results, on the 
whole, have been satisfactory, and the theory has thus stimulated the 
study of the properties of solutions m a remarkable manner Some hold 
that the “ prmoiple of exhaustmg h 37 potheses,‘’ indicated on p 7, has not 
been followed, and that the favoured child — the lomc hypothesis — ^has 
grown mto alyianmcal master, for instance, G P Pitzgorald (1896) has 
said that “the supposed advantage of the free ion theory is not only 
illusory but mislea^ng ” If this be a correct diagnosis of the ionic d. 
hypothesis, wo have some consolation in the fact “ The destruction of an ^ 
error hardly ever takes place without the discoverj' of truth ” (H Davy, 
1810) 


§ 6 The Number of Ions m a Solution. 

Tlio process of electrolysis, accordmg to the ionic hypothesis, is supposed 
to proceed somewhat as follows There is a constant differenco of 
potential between the poles of a battery, and if the poles arc put in 
commumcation, the electncity is immediately discharged The batteiy at 
once reproduces the same differenco of potential as before by generating 
more electncity Agam, when a salt — say, sodium chloride — ^is dissolved 
m water, some of the dissolved molecules are, by hypothesis, ionized, 
and the ions immediately begin to recombine to form molecules The 
speeds of the two reactions are supposed to behave analogous ivith oppos- 
ing reactions, and a state of equilibrium is reached when the number of 
molecules refonned by the combmation of the ions is equal to the number 
of molecules lomzed in the same time 

Still further, when the two jioles of a batteiy — saj' platmum electrodes 
— are dipped m the salt solution as indicated in Fig 6, all the chlormo 
ions, canymg a negative charge, are attracted to the anode or positively 
charged electrode, and the positively charged sodium ions are attracted 
to the cathode or negatively charged electrode As each ion comes in 
contact -with the electrode ivith a charge of opposite sign to its own, tlie 
ion is reheved of its charge, and thereby reverts to an ordinaiy atom of 
chlormo oi sodium The chlorme atoms, bemg unable to attack the water 
or the electrode, mute m paus to form molecules of chlormo gas As soon, 
as the hqmd m thevicimty of the anode is saturated ivith chlorme tlus gas 
bubbles to the surface of the liquid Similarly, tlio sodium ions are relieved 
fiom then charges at the cathode, and tlic resulting sodium atoms imme- 
diately attack the watei, foiming hydiogen gas and sodium hydroxide 
2Na -f 2H,0 = 2NaOH 4- H, , the hydrogen bubbles off afaS 

Tlic equihbnum betiveen the umomzed molecules and the ions is dis- 
tuibed by the annihilation, so to speak, oi the lemoval of ions at tlio elec 
trodes The Jfference of potential at the electrodes is maintamed by the 
battery, and the supply of ions is kept up by the steady ionization of the 
^ salt as fast as the ions are de electrified at the electrodes, until practicaUy 
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the 'wholo of the salt in the solution has been electrolyzed. Thus, it has 
been said that “ the ions do not transport the electricity of the battery, 
but their ow ” T he c harged i ons a re already^rMent_in_^^o_Bolufaon 
before connection is made ■with the battery 

If water be progressi'vely added to an aqueous solution of scdiuui 
chloride, containing, say, one gram-moleoulo (68 5 grams) jier litre, at 
18°, the eleotrical oonduoti'Vity of the solution increases until a certam 
limi t. IS reached Subsequent Editions of water have no further influence 
on the conducti'Tity of the solution This is illustrated by the curve, 
Fig 126, which represents the rapid rise in the conductmty of sodium 
chloride solutions with deeroasmg concentration , the conductmty 
reaches a maximum vciy quickly when further additions of water have no 

further influenco 
on the result 
Hence the con 
ducfavity of an 
electrol 3 ^c so 
lubon increases 
with dilution, 
reaches a maxi 
mum value ap 
proximately 
corresponding 
with infinite 
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Litres of ivarer per^am mo/ecu/e ffa C/ 

Fro 120 — ^Efiect of Concentration on the Conductivity of 
Aqueous Solutions of Sodium Clitonde 


lilution When the dilution has reached the hmit beyond which no further 
norease in the conductivity can be observed, it is supposed that the salt 
s all ionized, and no more ions can be supphed by the solute, howevei 
much more solvent be added All the ions which can be obtained from 
ihe solute take part m conduotmg the electno current at infinite dilution 


tTsually, the conduotiMty of a solution is measured indirect!} The resistance 
wluch the solution offers to the passage of a current is directly measured It is 
more convenient to take the reciprocal of the resistance and call it the conductivity 
of the solution. The specific resistance is first determmed, that is, the resistanoo 
wluch IS equivalent to the resistonce of a cubical mass of the solution whose length 
of side 18 I cm From this, the so colled eqmvalent conductivity is calculated 
The equivalent conductivity of a substance represents the conducting power of 
one gram equivalent of the substance dissolved in tiie solvent, and placed ia a 
cell whose opposite ■walls, one centimetre apart, form the electrodes Otherwise 
expressed, the equivalent conductivity ■ropreseiite the conducting power of a layer 
of the solution 1 cm thick, and containing one grom>eqmvalent of the substance 
in solution If the conductivity be referred to n gram molecule, and not a gram- 
equivalent, it 18 termed tlie molecular conduetmty of the solution 

It 18 now assnmod that the number of ions which taka part m 
conducting the electric current at any particular concentration of the 
solution IS proportional to the conductivjty, of the solution Con- 
sequently, if X represents the fraction of a gram moleoulo which is dis 
sociated into ions when the solution occupies t> lities, we have, at dilution v, 
the conductivity— An =* kx, where I is the constant of proportion At 
infinite ddution, the whole gram-molecule is supposed to be ionized, 
and consequently, a: = 1, and therefore the conductmty, , at infinite 
dilution, IS Ag( = i Substitute this value of L m the prccedmg equation, 
and wo got 
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iliich, bv h\Totlic 3 is, means that the fractional number of molecules 
ionized m a solution is numerically equal to the equivalent con- 
ductivity of the solution divided by the equivalent conductivity of the 
solution at infimte dilution , or. 


\ 


'\ _ . Number of molecules lomzed 

Degree of lomzation = molocul^" = 


The above formula enables the electrieal conductivity of a salt to bo 
expressed m terms of the degree of ionization of the salt m solution Thus, 
the equivalent conductivity of a solution of hydrochloric acid is 305 4, 
and the same acid at mfimte dilution has the eqmvalent conductivity 
349 3 Hence the degree of lomzation is 305 4 — 349 3 — 0 874 per gram 
molecule, or 87 4 per cent ionization. This means that 12 6 per cent 
of the molecules m the solution are present as unionized neutral molecules, 
HCl , and 87 4 per cent of the molecules are present m the lomo form 
H + a' Or, 


HCl ^ R + Cl' 

12 6 per cent 87 4 per cent 


The 'percentage umtzatton must not be confused vntli the dbsohite com- 
centrahon of the tons Tlio former may be the greater m dilute solutions, 
and the latter greater m concentrated solutions The ionic hypothesis 
thus assumes that an aqueous solution of hydrochloric acid contains three 
distmct kinds of “ solute molecules,” clectncally charged molecules (hydro- 
gen and chlorme ions), and neutral hydrogen chlonde molecules 

Table XVI shows the degree of ionization of a few typical acids, 
bases, and salts selected merely for illustrative purposes 


Table XVI — ^Degbvf oi Io^IZATIO^ o> some Tvpical ^cids, BAsrs, and Saits. 


Acids 


Bases 


Salts 


Acid 

-a 

o 

c 

o 

Bose 

o-^i 

o 

1*4 

Salt 

% 

ionized 

Nitno acid (62 %) 

0 006 

Potassium hjdroxide 

0 77 

Potassium chloride 

0 74 

Nitno acid (dil ) 

0 820 

Sodium hydroxide 

0 73 

Ammonium chloride 

0 76 

Sulphunc acid (dil ) 
Caroomcacid (iVN) 

0 610 

Lithium hydrovido 

0 63 

Potassium mtrnto 

0 64 

0 0017 

Am momumliydroxidc 

0 005 

Zme sulphate 

0 24 

drosolphunc 
acid (tV N) 

0 0007 

CJolcium hydroxido 

(flVN) 

0 00 

Copper sulphate 
Silver nitrato 

0 23 
0 58 

Perchlonc acid (4 N) 

0 880 

Banum hydroxide 
(A N) 

0 92 



Tlic effect of increasing the coneentration of a solution is to increase 
the internal friction This retards the movements of the ions and thus 
dimimshos the conductivity more rapidly than would occur if the results 
were not affected by this disturbing factor As the conoentralion 
decreases, the friction dimimshes, and, inth the more dilute solutions 
the effects of internal friction can be neglected The two factors-mternal*^ 
faction and conductivity— do not change wth dilution m the same way 
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and, jn consequence, the conductivity may increase with incrcasuig dilu- 
tion , reach a maximum , and then decrease with increasing dilution Tins 
IS the cose, for instance, ivith sulphuric acid, where the maximum con 
ductmty occurs when 30 per cent of acid is present The apphcation of 
/ the ion theory to concentraied solutions is beset with many difficulties, and 
{Consequently the theory has been mamly developed from results obtained 
iwith d%lute solutions Similar remarks apply to solvents other than ivater 
Illustration of the different conductivities of electrolytes — ^The 
difference in the conductivity of, say, hydrochloric, sulphuric, chloraoctic, 
and acetic acids, contaimng ^ gram-equivalent of the respective acids per 
htro, IS well shown by W R Whitney’s apparatus (1900), illustrated in 
Eig 127 Electrodes are fixed m four vertical tubes The upper electrodes 
are connected with one tenmnal (as shown by the dotted hne), which is con- 
nected with the lightmg circuit Each of the lower electrodes is connected 
with one termmal of an ordmaiy mcandescent lamp The other termmals 
of the lamps are connected with another terminal which is connected with 

the lightmg circuit (say 
an nltcmatmg current, 
110-volt) The upper 
electrodes can bo moved 
up or down, the lower 
electrodes arc fixed The 
tubes are filled with the 
four acids just indicated, 
and the electrodes are 
adjusted the same dis- 
tance apart. The current 
IS switched on The lamp 
connected with the hydro- 
chlonc acid tube glows 
bngbtest , that with the 
sulphunc acid comesnext , 
Fw 127 — Different Conductivities o£ some Acids chloracotio acid next, 

and the one connected 
with the acetic acid tube scarcely glows at all The electrodes can now be 
adjusted until the lamps all glow equally bright It -will be found that 
the distances between the electrodes are approximately os 100 85 16 1 
when the acids are arranged m the order named above These numbers 
give an approximate measure of the conductivity of these acids, and also, 
by hypothesis, of their degrees of ionization 

Strong and weak acids and bases — The terms “ strong ” and “ weak ” 
are sometimes apphed to the ooids and bases, and those terms r efer to the 
conductivity or the degree of lomzati on m aqueous solution of moderate 
^ution 'Thcre^r rioTiial Imo of demarcation betivcon the two Acids 
like carbonic and hydrosulphuric acids, and bases like ammonia, are 
ncak Then degree of ionization is less than one pei cent If the degree 
^ of ionization exceeds 70 pei cent the acid is undoubtedlj' strong ^ Most 
of the salts are higlily ionized, even at moderate dilutions, but there are 

' Dleotrolytes like solutions of sodium olilonde mo good conductors, and some 
lolutions with a conductivity midway between good conductors and non 
onduotors are sometimes called seim or half olectrofytos. 
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mnS\y exceptions, e gf merounc chloride , the cadmium liabdes and jneicunc 
cyanide are but slightly ionized in moderately dilute solutions 

§ 7 The Migration of Ions 

Min nVob 6-10 per cent nquoous solution of gelatnio mill ft littlo cppac 
chlonde solvition, and pour tlie blue solution, w liilo liUTT^into a '^m^ra U tubo wth 
long logs^Tintil <ho U-tubo is a htth over haU fwH care to introduce as 

feu' air bubbles ns possible Lot the mixturo solidify by coolmg AVlion cold, 
slip a rubber rbig over each leg of the tube so os to mark tho level of tbo gelatine 
in oaoh log Pour a dilute solution of sodium chlondo into oacli leg , dip a piooo 
of platinum ■wiro mto tho solution of TSadidm 'cTilondo , and pass a current of 
elcctneity tlirougli tho contents of tlio U-tubo irhile tlio latter is immorscd in a 
freezing mi-rturo,i Pig 128, to prevent tho softening of tho gclatmo during tho 
passage of tho curront Tho golfttino simpH serves to pro\ont mechanical move- 
ments of the liquid duntig tho passage of tho current The presence of tho 
gelotino does not otherwise interfere mtli the eloctroljeis The ovpenmont 
IS more intorostmg if a second U-tubo bo prepared with p otassium diohromaf'e 
m place of copper chlondo, and connected in senes with tho copper'cinorTdB'ttibo 
as mdicated HrFig*’T2B'^A current of eleotnoity is then passed through tho tubes 
via tho platinum wire electrodes, each of which dips in a dilute solution of sodium 
chlondo above the golattno After the current has passed some time, tho blue 
solution nsos post tho level of tho solid gelatine towards the cathode, and descends 

below the levql of the gelatine on tho ^ 

anode side The gelatine has not ^ 

moved, and it apx>cars os if tho curront 
“ dnves ” the copper ohlonde molecules 
towards tho cathode , the moi emonts 
in the other tubo are in tho converse 

direction, so that it appears as if the ,• , , 

current "pulls” tho molecules of the 


potassium dichromato towards the 
anode One tubo with copper dicliro 
mate con bo used in place of copper 
clilonde and potassium dichromato 
The gelatme is green, but a blue colora- 
tion rises towards tho cathode, and a 
yellow coloration ris&s towards tlio 
anode 


Mtre nfei 
riser 



tyWfo)/ 

’ colour 


— Copper 
Otfande 


JPotasstuin 

ViehromaU 


FlO 


128 — ^^Iigration of Ions to tho 
Electrodes 


The lomo theory interprets these 
experiments of A A Noyes and 
A A. Blanchard (1900), by assuming that m tlie case of 0 U 4 )a.CLChlQ; 7 dc, blue 
copper ions travel towards the caUxode and colourless ohlorme ions towards 
the anode , m the second experunont, that yellowish CraOy-ions travel 
towards the anode and colourless potassium ions towards tho cathode 
and m tho third oxpermient, blue copper ions travel towards the cathode 
and yellow dichromato ions towards tho aiiodo The fact observed is 
that the electrolysis of the coloured solutions occuisat tho boundaiv 
surfaces between tho gelatine and the supernatant solution ^ 

By a modification of these expenmonts, it is possible to measure tho 
rates at which the concentration of tho solution changes about tho elec 
trodes, or, m the lan^agc of the lomc theory, the rates at which tho amrm^ 
of c^jier,^,^h:^fc^EdaJ^^ Foi exa1Si)li,“^ sdution 

of sper nitrate of known concentration bo electrolyzed between biiZ 
e ectrodes m an apparatus similar to that illustrated in Fir 129 the oX 
change m the solution is a transfer of silver from the anode to the catlS 

* Say, aramomum mtrate and cold water 
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jintl ft clinnt'o in tlii' conccntnf ion of the silver salt round the tuoelcolredcs, 
for the apparatus is conslnictcd so as to reduce tlip mechanical consection 
of the dis'ohed salt to a miiuinum The change in tlic concentrrtion of 
(he “olution, after a feu liours’ electrolysis can be measured b^ ■vnthdrainng 
nliout liftlf the solution from the apparatus, tia the stopcock, and deter- 
mining the amount of sihcr m tlio solution bj analysis From the results 
niimbtrs can be obtainetl uhich arc supposed to represent the speeds of 
migration of the anions and the cations Tlio foUomng numbers, due to 
\y Hittorf (ISm 3), sene to illustrate the principle 

Hittorf 's experiment — V solution of silver nitrate containing one part 
of siher to 19 it parts of water was clcctrolj’zcd for ncarl3 an hour m a 
cell with silver electrodes Silicr dissolved from the anode and a similai 


quantity deposited on the cathode Tlie concentration of the whole solu- 
tion n maim d unchanged, but the concentration of the solution about the 

I cathode decreased while that about the anode increased 

In the cathode compartment, Hittorf found 

^ A SiU er before cJectrol\*SLS 0 7102 gram 

fj S bill er after eicctroh sis 0 0802 „ 

■{_/ Loss o*iaoo „ 

, Tlic solution about the cathode thus lost 0 1300 

gram of silver, and the solution about the anode must 
; have increased bi this amount owing to the notion of an 
cqun nlent qiiantitj of nitnc acid on the silver electrode 
I At the same time, by the simultaneous interposition 

f * of a sihcr loltametcr m the circuit, it wes found 

that sufficient clcctncitj had passed through the 
clcctroljte to deposit 0 2470 gram of sihcr at the 
cathode If no siher ions had passed from the anode 

^ chamber, the qunntitj of sih cr in the anode chamber 

^ have increased hj 0 2470 gram owing to the migra- 

" * tion of NOj' ions from the cathode chamber Tlic 

Fio 12 '» — Demr obsened increase wns on!,! 0 1300 gram of silver , hence 
imnation of ilip 0 2470 less 0 1100 gram, in all, 0 1170 gmmof Ag ions 
a/T^ntion n>'g'*'h-d from the anode chamber to the cathode 

chamber, while the cathode chamber simultaneously 
lost 0 1100 gram of silver due to the deposition of 0 2470 gram of sihcr 
on the cathodt Hi ncc since the relative speeds of the ions are proportional 
to the fall of the concentration about the oppositoh named electrodes. 


ineod of lonio 
ugrittion 


in onllirHilt elintnber _ 0 I WO _ Spo«l of nmon XO/ 

I o <> m nnoib clmiiilier "* 0 U70 — Spml of catloii, 

Or the rate of migrition of the anions is to the rate of migration of the 
r itions as 110 117 , or the XO,' ions migrate 1 1 times ns fast as the Ag 
ions 

Ih measuring the rato of rise of the blue colour in the expenment 
Tic 121, the nhoolute iclocifi of eopjicr ions can he detonnined under 
hfandanl renditions and m that was, with other solutions, a senes on 
iimnlsr-» lm\e Iioen obtained which are called the transport numbers 
or the speeds of migration of the different ions Tlie spcisl of migration 
d' filled Ls a •*{iici/ic properfa of e.ieli ion and is iiideiicndenf of the 
otbi r Ions pn*si ni 'Jlii speedn art incrcaswl b\ using curn.nts of gr< ater 
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electromotive force At 18°, mth a difference of potential of one volt 
betweto tbe electrodes, the speeds of migration of some ions arc 


Anons 

SpAds 

OH' 

5 6 

cr 

o 22 

I' 

2 10 

NOj' 
1 91 

cm i>er hour 

Catiote 

Cs 

Rb 

K 

Nu 

Li 

Speeds 

2 32 

2 32 

2 05 

1 26 

111 cm per hour 


The heaviest ions, that is, the ions with the greatest “atomic*’ weights, < 
here appear to move fastest This has been supposed to be due to thef 
slower movmg ions dragging along with them a number of molecules of ! 
the solvent i 

In these experiments the fact observed is the changing molecular* 
concentration of the solution about the anode and cathode dunng electro- 1 
Ivsis, the extraordmary hypothesis is that dunng the passage of thcj 
current the amons and cations move m the same electrolyte with different ^ 
velocities and yet the amons and cations are given off at the respective ^ 
electrodes at the same time ' ^ 


§ 8 “ Abnormal ” Osmotic Pressures and Ionization 

We arc now m a position to resume our study of the abnormal osmotic 
pressures furmshed bv solutions of electrolytes Suppose that one mole- 
cule of an electrolyte furnishes m ions and further let x denote the fraction 
ionized when a gram-molecule of the electrolyte is dissolved in miter 
The solution will then contam ( 1 — x) non-ionized molecules, and wx 
ions. The total number of mdividual molecules m the solution— tbat'is 
electncally charged molecules (ions) and neutral molecules— will be (1 — x) 
-f mz ^ m our previous study of solutions, let n denote the total 
number of mdividunl molecules formed by the ionization of a substance 
in a given solution Then n = 1 -r mx — x The numerical value of « 
as we have seen, can be determined from conductivity data, and froiii 
osmotic pressure and related phenomenur— freezing and boding point 
detennmations If the value of n so determined be divided by the %mlue 
of 71 ralcnlated on the assumption that no ionization occurs, the value of 
® and accordingly also the value of n can be computed Por example 
^e solution of hydrochloric acid just studied gives * = 0 874 and m = 2 

d^intrcoS 

aqueous solution ^ of the electrolytes m 

H.CO. , H-SO^ CuaSi” “lent elcctroK tes— 

tioiw appears to furnish complex ions Tlius, 
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furnishes Cd + 2CI', but olso Cd + OdOl' , sulphuric acid, H 2 SO^, not only 
gives 2H + 80^'’, hut also H HSO<' , cnrbonio ncid, H2CO3, gives 2H + COa' , 
nnd H + HCOa' . copper sulphnto, CnSOa, not only gives Cu + SOi', but nlso 
On^SOa and CulSO^): , otc If, hoirct or, the solutions bo still further diluted, 
the complev ions broiilc doivn into simpler ones Hence the ionization of con- 
centrated polybnsic acid like H-SOa proceeds in stages llwt H3SO4 = H -J-HSOi' , 
followed by H -1- HSO^' = 2H -}- tsO^' 

Table XVII — M9iECur tu Wfioiits 01 somk Ei ccrnoi ytes rv Solution 


Salts 

Sfolccular 

concontra 

tion 

Osmotic 

pressure 

Values of n 

Freezing 

point 

Condiic 

tivitj 

Calcium mtrato CafNOi) 

0 18 

2 48 

2 47 

2 40 

Magnesium sulphate. MeSO, 

0 38 

1 26 

I 20 

1 36 


0 18 

2 00 

2 62 

2 61 

Li)f 'll I iijli 1 iiMB 

0 U 

1 81 

1 80 

1 SO 

Lithium ohlondo, LiCl 

0 13 

I 02 

1 04 

1 84 

Magnesium chlondo, MgCI. 

0 10 

2 70 

2 08 

2 48 


§ 9 Equilibrium between Ionized and Non-iomzed Solute 

Reference has pro\nously been made to the assumption tliat the mole* 
oules of an electrolyte, when dissolved in water, arc ionized, that the 
10ns, at the same time, recombine to form neutral molecules . and tliat 
equilibrium mil ensue alien the speeds of the tao opposing reactions — 
ionization and do ionization — aro equal Consider the ionization of 
ammomum hydroxide, NH^OH, represented by 

NH 40 H^NH^ +OH' 

Here the process of ionization bears some analogy with the dissociation 
of lodme by heat Ij = I -1 - 1 Let [NH4OH] denote the concentration 
of the ammomum hydroxide , [NH^ ] the concentration of the ammomum 
ion , and [OH'] tlio concentration of the hydroxide ion Then, applymg 
the principle of Opposmg reactions, the condition for equihbrium is 

^Eil2<l9E2-K 

[NH4OH] 

I lf this theory apphes to ions, the numerical value of the cqnihbnura 
constant, now called the ionization constant, remains unchanged nhatever 
be the concentration of the solution This pnnciplc is sometimes called 
W Ostwald’s dilution law 

Example — ^In a solution oontaimng 0 126 gram molooulos of NHiOH por 
litre, the equi\ alont conductivity slioira that 0 0135 gram molecules ore lomzcd, 
and hence, 0*0136 x 0 126 = 0 0017 represents tho molecular concentrotion of 
the ammomum hydroxide wluoh is ionized This number thus represents tho 
concentration of the NH, 10 ns But o\ cry NH( ion is accompanied by one OH 
ion, and acoordmglj 0*0017 nlso represents the concentration of both the KTT, 
nhd the OH' ions Hence, from Ostwnld’s dilution Ion, 0 0017 x 0*0017 >— (0 126 
— 0 0017) = 0 000023 This lost number represents the inltie of the ionization 
constant for o-fTiormal solution of ammonium hj droxide 
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V ^ ^ 

li the solution be diluted, the percentage anmmi of lomzation increases 
(altliough, of course, the actual concentration of the ions must decrease) , 
and wifii more concentrated solutions, the percentage amount of ionization 
decreased Table XVIII represents values for the lomzation constant 
for solutions of ammonium hydroxide of different strength 


Tabu XVIII — ^Effect op DitirrioN on thf Iom/ation of Aoufoxis Ammonia 


Ainmomum 
Iiydrosdo 
(Gram-mole- 
cules per litre ) 

Proportion 

ionized 

Molecular con 
centration of 
and of 
OH' ions 
(Gram “ ions ” 
per btro ) 

Molecular concen- 
tration of non- 
lonizod NH4OH 
(Gram-molecules 
per litre ) 

A' 

1 0000 

0 0047 

0 0047 

1 0000-0 0047 

0 000023 

0-1260 

0 0136 

0 0017 

0 1250-0 0017 

0 000023 

0 0150 

0-0376 

0 0006 

0 0169-0 0006 

0 000023 

0 0039 

0 0764 

0 0003 

0 0039-0 0003 

0 000023 


The constancy in the value of K means that altliough the last named 
solution of ammonium hjrdroxido is nearly 300 times more dilute than 
that named first, and the degree of ionization of the last is nearly' 16 times 
as great as the first, the expression represented by K, deduced on the 
supposition that the process of ionization follows the rule for opposing 
reactions, is constant withm the hmits of experimental error 

When this method is apphed to strong acids and bases, that is, acids 
and bases more highly ionized than ammonium hydroxide — ^tho results 
are not nearly so good, and the most satisfactory explanation of the dis- 
crepancy turns on the assumption that the dissolved substance unites mth 
the solvent so that m the more concentrated solutions part of the liquid m 
which the substance is dissolved no longer functions as a solvent because it 
IS m combmation with ions and non ionized molecules of the solute This 
gumption 13 at the base of the solvate theory of solutions advocated by 
H C Jones ^ 

§ 10 . The Solubility Law, 


the case of an aqueous solution of sodium chloride, coiitammc, say, 
j 8™™ moleculo per htre, wo have NiiCl ^ Na 

+ d , where 68 per cent of the salt is ionized The condition of equih- 
brmm, according to the dilution law, is ^ 


[Na ][C1'] 




0 68 X 0 08 


= 144*=2r 


[NaClJ "" 0 32 

K either Na or Ca' ions bo added* to tJio solution— say, Iiydroeen 
ohlonde-makmg the concent i-ation of the Cl' ions 0 76 instead of 0 68- 
fchen, m order to preserve the constancy of the ratio 1 44, the conccntmtion 
of the Na ions must be diminished This can only occur by ilie union 
of some Na and Cl' ions to form Nad until tho ratio Ls again 144 

Solubility of mixtures with a common ion -Sodium clilondo js m 
equihbnimi with its aqueous solution when, at a given temperaturerth? 

1 If CT ions bo added, Iboy must necessarily bo accomnanipd Uv i ^ 

number of oppositoly eborged ions of, any, K Jrom 
oUorido , or of Na' ions ifom, say. 
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ooncontration of tho substonoo in solntion has a certain definite and con 
stant value— the solubility of tho substance at tho giicn temperature 
Smee tho sodium olilondo in solution is partly ionized, there are tiio 
equilibria to oonsidcr , first, the relation botneon tho non>iomzed and tlio 
ionized salt in solution NaCl Na + Cl' just mdicated , and second, 
tho relation between tho non ionized salt and tho solid If tho solutiop 
bo saturated, wo have 

N«oi„i,a^N.a +a' 

If the concentration of tho Na or tho Cl' ions bo augmented, some of 
) tho Na and Cl' ions will recombine to form non*ionizcd N^ad os indicated 
t labovo Consequently, some sodium olilondo will bo precipitated or the 
''solution will bo supersaturated Hence the solubility of a salt is usually 
' , diminished in the presence of another compound vnth a common ion 
If tho solution of the hydrooldoric aoid hod bcon isol^rdnc with tho salt 
solution — 1 e if the number of olilorino ions per cubio centimetre hod been 
tho same — ^no alteration in tho concentration of the ions would occur, and 
therefore no salt would bo precipitated on mixing tho solutions, proauded 
no disturbing secondary action occurs 

Solubility product — ^Itissomotimes convenient to discnnunatc between 
tho total or apparent solubil ity of a salt, and tho amount of tho non- 
ionized salt present in tho solution Tho latter is sometimes called tho 
real solubihty.of tho salt In a saturated solution tho real solubility, 
like the apparent solubility, must bo constant Henoo, in tho dilution 
law for sodium ohlonde [Na ][C1'3 ^ E [NaCl], indicated nbo\e, the 
concentration [NaCl] is invanable, K is constant, and consequently also 
tho product of tho two is constant Thoreforo, wc can ■write for saturated 
solutions 

[Na ][CI'] = Constant 

I This relation moans that m a saturated solution, the product of the 
f “ molecular ’’ concentrations of the ions is constant ^is product is 
j sometimes called the solubility product because, from uhat has been 
already stated, the product of tlio two ion concentrations deterraine tho 
' magnitude of tho “ real ” solubihty of the substance 

Famihar examples of this phenomenon arc the precipitation of sodium • 
or potassium chlorides from saturated solutions by passmg hjdrogcn 
'ohlorido through tho solutions, or by adding a concentrated aqueous 
solution of tho acid Tho phenomenon is quite general Barium chloride 
may bo substituted for sodium ohlonde , agam, nitno acid mil precipitate 
barium nitrate from concentrated aqueous solutions , a nearly saturated 
solution of silver bromato mil give a precipitate of silver bromate, if either 
silver mtrato or sodium bromate be added to tho solution , sodium clilorato 
added to a saturated solution of potassium ohlorato will lend to the pre- 
cipitation of tho last named salt. Uiore arc a number of comphoations 
in special cases, thus uhen a nearly satuiated solution of sodium ohlonde 
IS treated mth alcohol, or mth hydiogen chloride, tho solvent combines 
* mth tho added material, and less is available for the solution of tho salt 
in question , tho solute may form jiolymenzed molecules m tho solution, 
etc 

Solubility of mixtures with no common ion — U potassium mtrato 
bo added to a saturated solution of siher bromato, a iiumbci of molecules 
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of BJlvcr nitirato and potossmm biomate will bo formed by double decom- 
posifclpn, and the solution avtU be m equibbrium when these four salts 
have attamed a definite concentration, and each salt is itself lomzcd and is 
m equihbrium ivith thc'corrcsixmding ions The condition of oquihbrmm 
IS therefore quite complex It may be symbohzed 


KNOa+AgUrO, 

I ■ 


+ 

§ 


t 

V- 

(n 

+ 

to 

O 


+ A|NO; 


» 

+ 

W 

o 


+ 


KBrO, 

I 


The net result is that the number of lomzcd and non-ionizcd molecules 
of silver bromate m the solution is lessened, and the equilibrium 


AgBrOa solid ^ AgBrOj solution 


IS disturbed Tlie original relation is restored by the passage of more 
silver biomate mto solution Similarly, when nitric acid is added to a 
saturated solution of silver acetate , some silver nitrate is formed, and the 
equihbrium 

Silver acetatog^l,^ 1?:^ Silver acetate^^j^^^^^ 


can only regam its former value by the passage of more silver acetate 
into solution Consequently, the solubility of a salt is often mcreased 
in the presence of a compound containing no common ion As before, 
comphcations anso owing to the dehydration of the solution by the added 
substance, etc The dehydratmg action is illustrated in the familiar 
method of preparing hydrogen chloride by dropping concentrated sulphuric 
acid into a concentrated hydrochloric acid The sulphuric acid abstracts 
water, and thus dimimshes the effective solvent, the hydrogen chloride 
18 then evolved as a gas The action is m part attributed to the repression 
of the ions of^ydrogen chloride at the same time, and the consequent 
elimmation of molecules from the iwiter already saturated with moleoulcs 
^ of the same kmd The behaviour of many salts is thus not properly 
described by the “solubility product” law i. v j 

Rule for precipitation The solubility product of sodium chloride m 
solution IS not very groat, and, m consequence, if concentrated hvdrochloao 
^ ^ concentrated solution of sodmin^ hydrogeirSdphatc, 

iNaHSOi, the solubihty product of sodium chloride may bo exceeded 
and that salt mil be precipitated The condition of equilibrium of the 
mixed solutions is 


NaHSOj 

Ha 


Na + 

+ 

a' + 

11 

NaCl 


■H + 

+ 

H 


SO4' 


Hence, if the product of 
pair of 10ns (with equal 


hJ^o, 


solution be greater than 


the ' 
and 


‘ molecular ” concentration of any, 
t-u electrical charges) in i 

the solubility product for the^ saturated 
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{Solution formed by the union of these ions, that substance will be 
{precipitated , and conversely, if a substance be present in excess, it mil 
fbo dissolved if the product of the “ molceulnr ” concentration of any pair 
fof ions (mth equal and opposite elcctncal charges) in a solution bo less 
Itlian the solubihty product for the saturated solution formed by the umon 
{of these ions 


§ II Acids and Bases according to the Ionic Hypothesis 

Acids — ^It mil be remembered that Gorhnrdt defined acids to bo 
“salts of hydrogen,” the ionic hypothesis ovprcssos a similar idea 
another way “ all a cids, when ch^lvi^ in water, furnish h ydro gen 
ions’’ Although many substances not 'usually ~called 'aoldi^'^on cbm- 
plotely lomzcd furnish hydrogen ions — c p potassium hydrogen sulphate, 
KHSO4, etc — yet their acidic properties are duo to the presence of H 
'ions, and consequently it has been said that “tlioro is only one acid, and 

I * that 18 the H ion ’’ The general and charoctcristio properties of acids 
are assumed to bo the general and characteristic properties of H 10ns, 
and thus the H ions arc said to have a sour taste, redden blue htmus, 
{conduct electricity in solutions containing them, behave os univalent 
) radicles, etc The basicity of an acid is fixed by the number of H 10ns 
furnished by the complete ionization of one molootilo of the acid Tlius 
,{ monobasic hydrochloric acid, HCl, furnishes one H ion HCl ^ H + Cl' , 
land dibasic sulphuric acid furmshes two H 10ns H,S04?=i2H + SO/ 
Sulphuric acid also furnishes the ions H and HSO^' so that it behaves olso 
!ias a monobasic acid when it forms the so called “ acid sulpliates ’’ 

The action of a metal, say zinc, on an aoid is usually' represented by 
the equation Zn + 2 HCI = ZnOU + H, , the ionic liyTiothcsiS assumes 
that Zn + 2 H + 2 C 1 ' Zn + 201 ' + Since the Cl' ions are but 
httle affected by the change, the last equation reduces to Zn + 2 H = Zn 
+ The action is thus independent of the negative ion, for it im olves 
little more than a transfer of the positive electno charges from the two 
hydrogen ions to the zmo IMion the solution of zme chloiido is 
concentrated by evaporation, the Zn and 20 ! 10ns recombine to form zmo 
chloride 

r Bases — Just as an acid hasjbeen defined to be a substance winch can 

furnish hy drogen ions when dissolved in water, so bases, according ^o,tlio 
, lomoTSypoB&osis, ore subs^hccs iwlnoli yield HO' 10ns when dissoRcd 111 
’ w'ator The basic properties of bases ore duo to the OH 10ns, ond in this 
C sense it has been said that “ there is only one base, and that is the OH 
K ion ’’ The general and oharactonstio properties of the bases arc supposed 
to be the general and oharactonstio properties of the OH' 10ns Thus 
the OH' ions are said to have a soapy feel, turn rod litmus blue, oonduct 
eleotnoity in a solution contammg them, etc Tlio acidity of a base is 
fixed by the number of OH' ions it funiishcs on complete ionization of a 
molecule of the base Thus, the imiaoid bases, like sodium hydroxide, 
ionize NaOH ^ Na OH' , and the biaeid bases, like barium hy dioxide, 

lomze Ba(0H)2 ^ Ba 4 - 20 H' 

Many substances contain hydrogen, and they are not regaixled as salts 
of hydrogen Methane, OHj , anunoma, NH3, alcohol, CjEjOH, etc 
■ Agam, H3PO2 only gi\os one hydrogen ion per molecule, and tfio rcniaming 
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t\vo hydrogen atoms are not lonizable, for they form an essential part of 
the cation Sihcic acid is very slightly soluble in wator, so that its 

aqueous solution lias no effect on blue htmus Silicic acid is acid because 
it forms a salt, sodium sihcate Na^SiO,, nhich dissolves m water and 
ionizes Na,SiO , 5?^ 2 Na + SiOj', iv’hen electrolyzed 

The chemical activity of diffeient solutions containing equivalent! 
amounts of different acids has been refciTcd to the concentration of the ' 
H ions in the solution The concentration of the H* ions dejicnds upon ’ 
the degree of ionization of tbo different acids Hence the relative strengths » 
of the acids can presumably bo expressed in terms of the electrical cohj 
ductmty of equivalent solutions Tlie speed of a reaction dependent! 
upon an acid is thus connected mth the concentration of the H 10ns 
Reverting to the measurements given on p 97 for hydrochloric, sulphuric, ' 
and acetic acids, although the solutions contamed equivalent quantities^ 
of replaceable hydrogen per litre, acetic acid has but one two hundredth j 
the activity of hydrochlono acid 


H\dioGlilono acid Siilpliuno acid Acotio acid 
Fraction ionized 0 78 0 51 0 004 

Relative strength 100 70 0 6 


In hydrochloric acid, a greater number of hydrogen Ions are ready 1 
to react with the metal than inth acetic acid, and consequently the avail- ^ 
able hydrogen m hydrocliloric acid is more rapidly exhausted than ivitli 
acetic acid where but few ions are in a condition to react with the metal’’ 
at any moment, and consequently the reaction progresses slouly for a long* 
time , os fast as the available 10ns are exliaustcdy new 10ns arc formed 
by tlie ionization of the molecule of acetic acid 'Tic total number of 
hydrogen ions is the same m both cases, but the number in a condition to' 
react with the metal at any' moment is very different m all three coses ) 
Similarly, the strength of a solution containing equivalent quantities 
of the different bases is referred to the concentration of the OH' ions in 
the solution The strength of a base depends upon the degree of ioniza-‘ 
tion, or on the concentration of the OH' ions The strength of a base can' 
— _from_ the electrical condiTcmutf 'Th^equivSlont? 
~soIu 5 onir bases. Tike acids, differ very much ih streHgth Tlie alkalies^ 
and alkaline hydroxides are very strong bases, for they are lorazed to very > 
nearly the same extent as hydrochloric acid in aqueous Solution Ammonia * 

is a comparatively feeble base The following numbers represent the 
relative strengths of a few bases in ^ normal solution on the assumption* 
tiiat the strength of the base is proportional to the electrical conductivity >• 

Relative strength ^ 100 ^ ^98^ ^ 9 ^ NS 4 OB: 


IVhen a lughly Associated acid is mixed with a salt, the two react - 
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m dilute solutions is ionized potassium nitrate, and feebly ionized hypo- 
chlorous acid 

H +NOV + K +OGl'v^K -f NO'g + HOCl 


Similar remarks apply mviaixs mxUandts to the action of a salt on a 
base, and this explains how feebly ionized ammonium hydroxide is formed 
hn relatively large quantities when highly ionized solutions of potassium 
Uiydroxide and ammonium nitrate are mixed together The reaction 
J proceeds almost to the end 

I NH 4 +^ 03 ' + K +OH'?^K +N03*-fNH40H 

I When the base is msoluble, it will be precipitated and the reaction 
twill proceed to an end quite ajmrt from the degree of lomzation of the 
|reaoting compounds This is the ease, for example, with ferric, aluminium, 
Iznic, and other hydroxides 

< Ee 301 + 3Na + 30H' ^ 3Na + 3C1' + Pe(0H)3 


§ 12 The Strengths of Acids and of Bases 

I liave no doubt that fixed salts choose one aoid rather than anotlier m order 
that they may coolesce with it in more intimate union— J ohn Maiom 
( 1674 ) 

The strength of an acid or base refers to the extent to which the aoid or 
base exhibits acidic or basic properties respectively The terms " affinity,” 
“ avidity,” and “ activity ” are sometimes employed synonymously with 
“ strength,” but there are objections to each of these The term “ strength,” 
too, IS often used where “ concentration ” is really meant. ” Concentration ” 
refers to the “ quantity of matter m umt volume ” expressed m, say, grams 
per htre, or some other oonvement form, say, gram molecules per litre 
Tlie action of sulphuric acid on Bodium.^ohlorid& (p 220), which results 
m the formation of hydrochloric acid, seems to prove that sulphuric acid 
is stronger than hydrochloric acid , again, when hydroehloric acid is added 
to a solution of silver sulphate, silver chloride is precipitated The hydro- 
chloric acid expels the sulphuric acid from its combmation with sdver 
^✓AgoSO^ -f- 2HCI = 2AgCl + H^SO^, and it seems as if hydrochlono acid 
IS stronger than sulphnnc acid. These two conclusions are contradictory 
and there must therefore be a fallacy in our reasonmg We have wrongly 
assumed that the tivo acids were competmg for sodium and for sdver under 
similar conditions This is not the cose /When hydrochloric and sul- 
phunc acids compote for the sodium, the hydrochloric acid, bemg volatde, 
escapes from the lystem as fast as it is formed , whdo tlie non volatile 
sulphuric acid alone remams behmd Agam, when sulphuric and hydro- 
chloric acids are competmg for sdver, the hydrochloric acid carries the 
silver away from the sulphnnc ocid^as an msoluble precipitate of sdver 
chlonde 1 Still further, hydrosulphuric acid is notonously a very feeble 
acid, and yet it can displace relatively strong acids from combmations 
with the metals. Tlius, it will precipitate lead sulphide from solutions 
of lead chloride , copper sulphide from solutions of copper sulphate, ota 
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Hero again, the feeble acid docb its work by removing the niotal from the 
solution as an insoluble sulphide 

To compare the relative strengths of the acids, and, viviaUs vmtandts, 
of the bases, it is necessaiy that the comparison be made under conditions 
uhere the reacting acids and the products of the reaction are in the same 
physical condition — say, all m solution Thus, if an equivalent of a solu- 
tion of sodium hydroxide be mixed ivith an cqmvalent of a solution of 
siilphunc and of hydrochloric acids, the two acids can compete for the one 
Da^ imder the same conditions, and hence the stronger acid mil be able 
to unite mth more sodium than the ucaker acid It is found cxpcninen- 
tally that the same result is obtained uhen equivalent quantities of sodium 
hydroxide, sulphuric acid, and hjdrochlono acid are mixed together as 
uhen cqmvalent quantities of rodium suljihatc and hydrocliloric acid, 
or equivalent quantities of sodium chloridc^aiid sulphuric acid arc mixed, 
provided, of course, the uhole of the system has been alloued to stand 
long enough for equihbruim This fact is represented by the equation 

2HC1 + Na 2 S 04 ^ 2NaCl -h HoSO^ 


In 1803, C L. Bertholleb wrote 

I maintain that wIiono\er 8o\craI acids net upon one nlknlino base, the action 
of one of the acids docs not o\ erpower that of tlio otliers so os to form an 
insulated compound, but each of tho ncids has a shnro in tho action pro- * 
portionato to its copncity for saturation and its quantity 

The proiiortiona of a base shared bctucen two acids, or of an acid 
betueon two bases, cannot bo detei mined by the ordinaiy methods of 
chemical analysis mthout disturbing the equilibrium of the mixture Tlio 
distr ibution of an acid betueen two, bases, or of a base bctuccn two aoids,^ 
musfbe determined by physical processes which do not interfere Avith tho'^ 
solution Tn illustration, the heat of ncutrahzation of sodium hydroxide i 
by“ sulphuric acid is 31 38 Cals , and by hydrochloric acid, 27 48 Cals . 
If, therefore, on mixing Tiydrochloric acid w'lth sodium BulphafejTall tlio 
sulphuric acid were displaced by tho hydrochlono acid, the thermal effect 
resultmg from the decomposition of the sodium sulphate, and the formation^' 
of the sodium chloride would be 27_48_— J3I-38,=.-3 9 Cals After making 
a small allowance for secondary reactions between sodium sulphate and 
sulphuric acid, J Thomsen found that the thermal value of the rcactioil 

was -2 6 Cals Hence it follow-s that -2 6 3 9 or about tw'O-* 

tlu^ of the hydrochloric acid combines wnth about two thirds of tho basc^ 
to form so^um cMondo and about one tlurd of tho sulphuric acid corn-* 
bmes wth the other tlmd of the base to foim sodium sulphate A similai 
r^t was obtained wnth a mixture of sodium chlondc and sulphuric acid 
Consequently, in the competition of sulphuric and hydrochloric acids 
for sodium under comparable conditions, the hydrochlonc acid can hold ‘ 
W M muoh of the base ae a,o ealpbum aeid. and conaeonoSy? yZ. 
chloric wid IS nearly twnco as strong as sulphunc acid ^ ^ ^ ’ 

Similar results have been obtained by measuring the srccifio ciavifv 

the different acids have also been detennmed by measuring the effects 
of the different acids on the speed of hydrolysis of oano s4ar 
acetate, etc The actual numbers obtamed by the different method 
arc not always qmte the same, possibly because of tho different conditions 

*^^0 made The results obtamed by three 
different methods are shown in Table yty , wee 
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Tvbde XIX —UBiATiYr Stkengths op Acids 


Acid 

Thomson’s 
thermal 
process j 

Ostwald’s 
Bpecifio gra\ity 
process 1 

i 

Noleoular 

conductivity 

Hydrooblono acid 

100 

08 

■H 

Nitno acid 

100 



Hydrobroimc acid 

80 

06 00 


Sulphuno acid 

48 



Phosphono acid 

26 

1 

1 73 

Acetic acid 

3 

1 23 

04 


§ 13 The Neutralization of Acids and Bases 


The term “ neutral ” has been used somewhat vaguely, implying that 
the substance is neither acidic nor basic The test for acidity or basicity 
depended upon the behaviour of the solution towards a solution of htmus. 
If other indicators are used, the conclusions might be different, because a 
substance might appear acidic towards one indicator, and neutral tou’ards 
another V The ionic h3rpothesiB, as wo have seen, refers acidity to the 
presence of hydrogen 10ns, and alkolmity to the presence of OH' ions, and 
the term “ neutrahty ” refers to the case where the concentration of both 
ions arc the same, or both 10ns are absent We have seen that water is 
a constant product of the reaction between the solution of an aoid and of 
a base HCa + KOH KOI + aO , HaSO* + 2 NaOH ^ Na^SO^ + 2 K^O, 
etc These reactions are, no doubt, slightly reversible, and the formatiou 
of feebly ionized water leads to the removal of the OH' and the H 10ns 
from the solution, and the reaction is almost completed 

H +a '+ K +OH' ^ K +C 1 '+H 30 

What IS hero stated with respect to hydrochloric acid and potassium 

i hydroxide apphes mulalis mntandts to any strongly ionized acid and base , 
and consequently, the neutralization of strongly ionized acids and bases 
involves httlo more than the formation of water H +0H'^H30, 
, because the other ions present before the acids and bases are mixed remain 
I after the reaction is over K, however, the ivater bo evaporated from the 

I solution, the ions recombine to form the salt, and the result of the reaction 
18 thou correctly symbolized HCI + KOH ^ Ka + H3O Tins ro 
action probably also occurs if voiy concentrated solutions or sohds arc 
mixed, whereas the neutralization of acids and bases m dilute solutions 
involves the formation of water, not salt molecules 

The heat of neutralization —This view is further supported by the 
fact that with dilute solutions of the strong acids and bases, the thermal 
value of the process of neutralization — licat of neutralization — 'is the 
same For example. 


Hydrochlono acid 
Sodium h>droado 


liiOH 

NaOH 

KOH 

13 7 

13 7 

13 7 

HCl 

HBr 

HI 

18 7 

13 8 

13 7 


Cn(OH) Ba{OH)» 
13 8 13 8 Cals 

HNOj HIO3 
13 7 13 6 Cals 
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Hence the heats of neutralization of dilute solutions of the strong 
acids and bases do not depend upon the specific nature of the acid or base 
the formation of irater m these reactions is accompamed by the evolution? 
of approximately 13 7 Cals of heat 

The law only descnbes the thermal effect attending the neutralization 
of solutions sufficiently diluted to ensure complete ionization of acid, base, 
and salt, it presupposes that no new electrically neutral molecules are 
formed- As a coroUary, it folloire that if two completely ionized salts aro 
mixed, theiro'will he hojthermal change provided the salts'are completely 
ionized hefore'ahd after the mixing, and no other electrically neutral 
nioleailes arc formed The fact that “if tuo neutral salt solutions at 


the same temperature are mixed togetner, no change of temperature 
occurs ’ ivas diwovercd by H Hess m 1841, aud is called Hess’ law o^, 
thermo-neutfcility The ionic hypothesis indicates clearly the con- 
ditions uhich must be fulfilled before Hess’ law of thermo-neutrality is 
apphcable 

If the acid and base are but partially ionized, the heat of neutrahzation 
IS not only determined by the heat of formation of ivater — ^13 7 Cals — but 
it is also determined by the thermal value of the energy required to com- j 
plete the ionization of acid and base When a dilute solution of hjdro-j 
fluoric acid is neutralized by sodium hydroxide, for example, the sodium j 
fluoride formed durmg the reaction is fully ionized, whereas the hydro- j 
fluoric acid at the commencement of the process HF -j- NaOH = NaF^ 
-fHaO+ie 27 Cals is not fully ionized Hence in addition to the forma- 
tion of water, there is a continuous ionization of hydrofluoric acid diiiing the ‘ 
process of neutralization, and the fact that more heat is produced has been 
assumed to prove that the ionization of the acid is accompamed by the i 
evolution of heat The heat of neutrahzation of hypochlorous acid, HOCl ' 
by sodium hydroxide, NaOH is HOCl + NaOH* t= NaOCl + BUO -{-9 8! 
Cals., a number less than the normal value 13 7 Cals The salt,” NaOCl 
and the base, NaOH, are completely lomzed, while the acid, HOCl, is 
but feebly ionized Hence, it is assumed that the ionization of HOCl is ' 
process Similarly, uhen ammonia is noutrahzed* 
NH4OH -{- HCl — NH^Cl -{- HnO -f 12 2 Cals, it is assumed that the 
Ion results are due to the absorption of heat during the ionization of ammo- 
nium hydroxide 

Hydrolysis —It wifi be remembered (p 143) that m ludrolvsis a salt 
reacts with vatcr to form the free base and free acid, or free acid and ^ 
basic B^t Hydrolysis is thus a reversion of the process of neutraliza. 

Hydrocyanic acid, HCy, for mstance, lomzes- HQy^H 4- Cv' 
With ]^tassium cyanide, KC^, m aqueous solution, KCv K* -1- fV' 

^ ^ molecules of hydrocyamc acid, HC^ The eauiMirmni 

IS disturb^ and more molecules of ivater lomze • Vq + OH™ 
The neu H ions combme uith more Cv' ions and fho - 

until the concentration of the OH' 10ns becomes lanw nn™ 
the further lomzation of the water The solution t^n r. f prevent 
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The ionic hypothesis in analytical chemistry —The language of the 
lomo hypothesis has penetrated into analytical chemistry — ^particularly 
quahtative analysis — so that the standard t^ts for the metals and the acid 
radicles are desonbed as tests for the respective ions Many, however, 
jdoubt if anythmg will be gamed by desonbing the facts of an eimnently 
Itpraotioal art m the language of a hypothetical doctrme Be that as it may, 
'smce both the ohlondes and hydrocUonc acid are supposed to furnish Cl'- 
lons on lomzation, it is assumed that the test for hydrochlonc acid or a 
ohlonde is a test for ohlonde ions The silver mtrate used m makmg the 
test IS also supposed to be ionized. Consequently, when a solution of silver 
mtrate is added to a solution of sodium chloride, the solution is supposed to 
momentarily contam Ag + NOj' + Na + Cl' ions, but smce silver ohlonde 
IS but shghtly soluble m water, the little which is formed by contact of 
silver and chlorme ions precipitates at once Agam, silver chlorate is soluble 
m water, and accordmgly, when silver mtrate is added to a solution of 
potassium chlorate there is no precipitation and the solution contains four 
ykmds of ions Ag + NO/ + K + CIO 3 ' Hence, silver mtrate is a test for 
chlorme but not for chlorate 10 ns 

If potassium cyamde, ECy, m aqueous solution be added to a solution 
of silver mtrate, AgNO^, a precipitate of silver cyamde is formed 
Ag + NOj'+K + Cfy' = AgCy + K + NO 3 ' If an excess of potassium 
cyamde be added, the precipitate redissolves, and it can now be shown that 
the solution no longer contains the cqmvalent of Ag ions m appreciable 
quantities, smce ( 1 ) sodium ohlonde gives no precipitation of silver chlonde , 
( 2 ) on electrolysis, adver is depoated on the anode, not the cathode, os when 
a solution of silver mtrate is electrolyzed , and (3) a ciystallme compound 
KAgCyj IS obtamed when the solution is concentrated. It is assumed, 
therdore, that the solution of silver cyamde m potassium cyamde ionizes 
thus KAgCya^F^K +AgCy/ 


Questions 

1 What IB Ostwald’s dilution formula for weak electrolytes 7 Deduce it 
theoretically Explam clearly how the constont is experimentally obtamed — 
S( Andrews Untv 

2 IVhat 18 meant by “ electrolysis ” 7 Illustrate your onswer by reference to 
the electrolysis of aqueous solutions of metalho salts — Si Andrews Untv 

3 Write the following equations accordmg to the ionic hypothesis (a) Calcium 
hydroxide and h^drochlorio acid , (6) Barium olilonde, and sulphuno acid — 
Untv of Pennsylvanta, USA 

4 Explam m terms of the electrolytic dissociation theory (a) Tlie mtcraction 
of a solution of copper sulphate with metaUic iron (6) The electrolysis of copper 

/ohlonde , (c) The mteraction of a solution of silver mtrate and hydrochlonc acid , 
'' (d) Neutralization , (c) The behaviour of hydrogen chloride in toluene solution 
and m water solution — Prtneeton Untv , U S A 

6 In terms of the ionic theory, what is a strong acid 7 — a strong base 7 — a 
jyreak aoid 7 — a weak base 7 

In these terms classify the followmg — HCl, KOH, HoS, H«COj, 

MiGR),— Amherst CoU, USA 

6 Define “ acids," “ bases," and “ salts " m terms of (o) thoir properties , 
(6) their composition , and (c) the lomo theory 

7 Give a bnef history of the word “ acid ” ivith on accoimt of its apphcation 
in the present day What do you imderstand by the term “ ortho acid ” 7 — 
London Untv 

8 Give an account of the lomc theory of solution, statmg clearly the expen- 
mentol facts on which it is based — Aherystwyth Untv 
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The Alkaline Earths 


§ I Calcium Carbonate. 

Several different minerals occur m nature nlnch have been called 
different names, although analysis show's that they aie all more or less 
impure forms of one chemical substance — calcium carbonate These 
different forms of calcium carbonate may be classed under three heads 

1 Calaum carbonate not markedly crystallme — Chalk jind lime- 
stone usually occur m large masses sometimes extending overlo^c Tracts 
of country This form of calcium carbonate is relatively impure, for it 
contains more or less magnesium carbonate,„clay,^and sihca Marl is a 
mixture of hniesto ne an d cla y Egg shcllsj sea shells, jpeajlsj corals, con- 
tain a large^peroontage. of calcium^ ca^janatp^ The micro^opc shows 
that cltaH. &iSist8 'largely of tKo'^sheUs oT minute organisms It is 
inferred that these organisms once hved m the sea because similar shells 
are dredged from the bottoms of the oceans to day Chalk is used in the 
manufacture of -whitmg 

2 Calcium carbonate in rhombic crystals — This variety generally 
occurs m needle like crystals, and is named aragonite after Aragon in 
Spam If calcium carbonate be prepared 

in solutions at temperatures exceeding 30°, 
crystals corresponc^g ■v\’ith aragonite arc 
formed, and if at temperatures below' 30°, 
crystals of calcite are formed. The funda- 
mental form of crystals of aragonite is 
illustrated by the outhne drawings. Fig 130 
Aragonite has a specific gravity about 2 9,<- 
calcite 2/2, the former is less rapidl^ 
attacked by acids than the latter | 

3 Calcium carbonate in trigonal 

crystals — This form of calcium carbonate 
occurs in more or less well-defined crystals 
modelled after a rhombohedron. Fie 130 but .. i. 

of domed shapes whieh have’m^i 




Aragonite 


Cnlcito 


Fro 130 --Dimorphous Crj-stals 
of Cnloium Carbonoto 


VW/AVAIAJ 

by associated 
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§ 2 The Action of Heat on Calcium Carbonate 


If any one of these forms of oaloium carbonate be heated by means of 
a gas blow' pipe flame in a hard gloss or quartz test tube, fitted mth a gas 
delivery tube os illustrated m Fig 44, a gas called carbon dioxide, sym- 
bohzed COq, colleots in the gas ]ar, and a residue called calcium oxide or 
quicklime, symbolized CaO, remams m the tost tube The gas -mil bo 
studied later It is suflioient to state hero that the moist gas reddens 
blue htmus, and unites mth bases to form salts called carbonates. If, 
say, 1 00 gram of pure calcium carbonate be thoroughly calcined in a 
crucible, 0 56 gram of calcium oxide is obtained, and 0 44 gram of carbon 
dioxide IS expelled os gas If a current of carbon dioxide be passed 
over calcium oxide, calcium carbonate, B}rmbohzed CaCOa, is forihcd 
CaO + COj = CaCOg. A certain amount of lieat is developed jiuring 
this latter reaction. Calcium carbonate Is undoubtedly a chemicid com- 
pound of calcium oxide and carbon dioxide 

If calcium carbonate be heated m a closed vessel, at different tempera- 
tures, when the system is m oquihbnum the state of the ^stem will bo 
{represented by a point on the curve. Fig 131, 
where the pressures in the closed vessel ore plotted 
{at different temperaiui'cs. There arc three phases 
1 — C^,_CaC 03 , luid COj , and tup components — 
(CaO, and The system is therefore um- 

ivarianti“m^mng that the concentration — ^that 
[is the pressure — of the gas has one fixed definite 
value for each temperature This constant 
pressure is called the dissociation pressure. The 
[dissociation 'pressure of eolcium carbonate is 
ianalogous, m manj ways, with the vapour 
[pressure of a hqmd in a closed space Gaseous 
[molecules of carbon dioxide are contmually 
leaving the dissociatmg carbonate, and carbon 
- 7- — '.v'-,:;' *'*“ idioxide is continually recombmmg with calcium 

speeds of the two reactions 
Carbonate th© same, the i^stem is in equilibnum The 

’carbonate can onlj dissociate completely mto 
calcium oxide and carbon dioxide if the latter be contmuously removed 
from the rcactmg system If the pressure, at any temperature, exceeds 
.the hmit mdicated by the curve, calcium carbonate uoll bo formed until 
[the pressure of the gas attams the fixed value, constant for the given 
tem^rature , and conversely, if the pressure be less than that described 
by the curve, calcium carbonate will Associate until the required pressure 
IS attamed. If the pressure of the gas be great enough, the calcium 
carbonate may be fused ivith no appreciable dissociation On sohdifico^ 
tion, the mass has a ciystallmo structure like marble 

It IS assumed that all sohds, calcium carbonate and calcium oxide, 
exert a small vapour pressure which is generally too small to come withm 
^e range of the instruments at present availablo for such measurements 
This vapour pressure is further assumed to bo constant at any given tem- 
perature, like the vapour pressures of substances which are accessible 
to measurement , and is also unaffected by the quantity of solid present. 
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According to tlio law indicated m connection ivitli the iron-steam re- 
^tion, the velocity of the d issociation of calcium carbonate uaU pro- 
por tional W th e concentraiionlort^^ carEona^ and egualjq iho.pr bduct 
of_the concentr ation C of the carbonate and the affinity constant A , the 
velopity 6f" 7prmationr of'liIio~ calemm carbonate uilF similarly ^Je equal 
jQ3h^product of the concentration of the calcuim'bvide, (7j^~and’^ “ flm 
c^bn dionde, C,, witir the affinity con^nt / ' of that ruction Con- 
te'quentlynf'fli6se''two velocities are the same, the sj stem mil both equili- 
bnum, and W — VC^Cn Tlic concentiation, that is, the number of 
molecules of carbon dioxide per litre, is proportional to the partial prcssiu’c 
p of that gas The concentrations G and C-^ are constant, p 99 and conse- 
quently, at any given temperature, p == constant Tins means that the 
dissociation pressure of the carbon dioxide is constant, and independent 
of the extent to which the calcium carbonate has dissociated, provided 
all the carbonate has not dissociated This same conclusion was obtained 
m applying the phase rule The principles here stated also apply to the 
dissociation of mercuric oxide, of hydrates, and of banum peroxide, os 
previously indicated. 


§ 3 Calcium Oxide and Calcium Hydroxide 

Calcium oxide is nearty aluays made by calcinmg the carbonate- 
marble, Iceland spar, limestone The residue is vaiiously stjded “ quiok- 
hnic,” “ live lime,” “ burnt lime,” or “ caustic hmo fiom the Greek 
KftuoTiKds (kaustikus), burnt (Calcium oxide, uhen puic, is a iiliite amor- 
phous powder If heated intensely, say m the oxjdiydrogon bloMmipe 
It becomes mcandescent, p 101 In the electric furiiaco, calcium oxide 
oan be melted at a temperature about 2570®, and at a still hicher 
temperature, it can be boiled WTicn a few drops of water are alloued 
to fall on a (cold) lump of freshly “burned ” calcium oxide, which has 
not been burned at too high a temperature, a hissing noise is produced 
and clouds of steam arise Much heat is developed, and the lump of 
calcium omde disintegrates into a fine ponder called “slaked hmo” or 
calaum hydroxide Tlie term “lime” is often api>hcd to quickiira?^ 

turns red htous blue If one gram of calcium oxide be treated mth nater 

reaction be thoroughly dried bv 
hcatmg to 160 , 6 6 grams of calcium oxide fiunish 7 4 prams nf nnU, ^ 
hydrondo, showing that 60 grams d catanm ondo umtla 
of 'Water to form calcium livdroxiflfv— r'nO tt n «*. #» ^ brains 

^bolu.^, Ca(OH) andthoreactionisnnt^i?’ Sao7S'~ 

Wien calcmed at 100^ calcium hydroxide loses no watei at^0° 
cent of the possible water is expelled , and at 450° neariv nil fh + 
may be driven off men a considerable amount of S, 

IS ^spended m watoi, the nuxture is willed “ milk 

mixture he allowed to stand, a clear hquid coll^^l^H'^i’ •’ 

ment The solution— called “ hmo wotOT”~],ni ^ 

It turns red htmus blue At ordiuai7l<.mpemturi^lo® 
dissolves 0 17 gram of the hydroxide^CafOin ® ® 

wth nse of temperature, foi instance tlin solubility dimmishes 

0 186 gram of cimCk oo te 0 S It 

100 grams of water ^ ^ ^ ^28 at 60®, and 0 077 at 100® per 
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Wicn luno water is e-^posed to the air it soon becomes covered with 
a iibn of calcium carbonate oinng to the absorption of carbon dioside from 
the atmosphere Ca(OH )2 + CO* = CaCOj + HoO 

Mortar is a thick paste made bj' mixing slaked lime inlh sand and 
water Mortar sots or hardens on exposure to the air owing to the loss 
of water, and the absorption of carbon dioxide from the atmosphere It 
appears as if a colloidal calcium hydroxide is formed when lime is wetted, 
and this on drying “ sots ” by a process analogous with the drying of glue 
Tlio formation of calcium carbonate is quite a late stage in the sotting In 
the mortars of some of the buildings of the anoicnt Romans, crusts of imiiuto 
calcium carbonate crystals protect the inner cores of calcium liydroxido 
An exposure of 2000 years has not been sufficient to con\crt more than 
thin superficial layers of the colloidal hydroxide into carbonate A little 
of the colloidal hy'droxido seems to pass into the cry'stallinc condition 
The sand makes the mass more porous, and facilitates the rapid absorption 
of carbon dioxide, and it prc\onta undue shrinkage during setting The 
sand IS scarcely altered during the action If mortar ho placed between 
bncks or stones, part of the water is absorbed by the bricks and part is 
lost by evaporation , and the mortar, when set, holds the bncks or stones 
firmly in place /If mortar is to bo used for plastcnng walls, it is nuxed 
with hair w'hicli makes the wet mortar stick better 

Uses of lime — Lime is used in prepanng mortars and cements, as a flux 
111 mctallui^, in the manufacture of glass, bleaching pow dcr, calcium car- 
ibide, in punfying illuimnating gas, m remonng hair from hides before 
tanmng, in diymg gases os a disinfectant m marhng soil, ns a neutnhzing 
agent for acids m chemical industncs, etc 

Manufacture of quicklime — ^Limestone is frequently “ burned ” m a 
cavity cut in a lull-side, or in a kiln mode from bricks or blocks of lime 
stone Tlio kiln is loosely filled with limestone, or altoniato layers of 
limestone and fuel A fire is built at the base of the stack, and when the 
buniing IS complete, the fire is allowed to die out, and the hmo is removed 
In the more icoent “ shaft kilns,” producer gas is led into the shaft near 
the base, and the hot products of combustion pass up the stock and 
decompose the hmestone The loin is charged at the top, and the biinied 
lime IS raked out through openings at the bottom of the stock The 
process is oontinuous — ^hmo is chaigcd m at the top ns fast as it is 
removed at the bottom 

Hydraulic cements — Calcareous mails or mixtures of limestone, clay , 
and sand iii the right proportions are heated until the nuxture begins to 
sinter The “ clinker ” so obtained is ground to ixiwdei, and the jiroduot 
called “ cement,” because if it be mixed with water it sets to a hard stonc- 
hko mass, even if exposed to the continued action of ivattr \Tho cement 
IS consequently used formwork under water — bridgc-piers, etc — ^undcr 
conditions where mortar would disintegrate and softenS Several varieties 
are on the market under various names — ^Portland cement, hydraulic 
cement, etc The ground elinker appears to consist mainly' of a solid 
solution of hme, silica, and alununa wluch, for convenionco, is sometimes 
called alite The settmg of the wetted cement appears to bo the jomt 
effect of sevorel different actions not yet clearly understood The mam 
reaction is probably duo to the formation of colloidal calcium alummo 
Bihoates when “ ahte ” is ivetted These decompose, formmg crystals of 
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tnoalcium aluminato and a numlber of different substances m a colloidal 
condition The gradual desiccation of the colloids leads to the gradual 
hardening of the mass , the desiccation appears to proceed even when the 
cement is immersed in water 

§ 4 Strontium and Barium Oxides and Hydroxides. 

Strontium carbonate is found m 'nature m the nuneral strontiaiiile, 
SrCOg , and banum carbonate in the mineral witJicrite, BaCOg Baiiuiu 
carbonate decomposes at about 1842°, strontium carbonate at 1160°, and 
calcium carbonate at 826°. When strontium carbonate is calcmcd, strontia, 
that IS, strontium oxide, SrO, is formed , mtherite furnishes barjda, t c 
banum oxide, BaO Strontia is made on a large scale by heating tlio 
carbonate m ^perh^tod steam , carbon dioxide is evolved, and strontium 
hydroxide, Sr(OH)„, is formed SrCOg + HgO = Sr(OH)a + COj The 
strontium hydride on igmtion furnishes strontium oxide Sr(OH )2 
= SrO + HoO. ^Barium carbonate requires so lugh a temperature for ite 
decomposition that the raw matenal is mixed ivith lampblack or tar before 
calcmation. The carbon bums off, and the carbonate, at the same time, 
IS decomposed at a much lower temperature BaCOg + C = BaO + 2CO 
lake calcium oxide, both strontia and baryta slake in contact wuth water 
■with the evolution of much heat Li the case of baryta, the heat is so great 
that if but httle w'ater bo used, the mass may become "Visibly red hot The 
heats of formation of the different hydroxides arc Ca{OH) 3 , 16 26 Cals , 
Sr(OH)o, 17 70„CaIg..i_and.JBa(QH)o, . 2 2 26 Cals Barium hydroxide is 
usually made by heating a mixture of banjtca—hfirmm sulphate, BiSO,— 
with poivdered coke, or coal Crude banum sulphide is foimed BnSO. 
+ 4C = 4CO + BaS The latter is then heated in a stream of carbon 
dioxide, and thus converted mto banum carbonate BaS + COj + H 0 
= BaOOg + HgS Barium carbonate is converted into the hj^dioxidc by 
heatmg it m superheated steam as just indicated for strontium caibonntc 
Strontium hydroxide is formed m a, smular manner from the mmorall 
ccfcafMtc— strontium sulphate, SrSO^ Strontium hydroxide is used m 
the manufacture of sugar Strontium hydroxide is more soluble in watei 
than calcium hydroxide, and barium hydroxide is more soluble than 
strontium hydroxide The solubihtics of the three hydroxides m nramsi 
per 100 c c of water arc ° ' 

Calcium hydreside 
Strontium liydroxido 
Banum hydroxide 

Unhke calcium hydroxide, banum hydroxide can bo fus^ ivithout 
decomposition Aqueous solutions of both barium and strontium 
hydroxides deposit crystols with eight molecules of wator-eff BafOH) 
SHgO Like strontium hydioxido, barium hydroxide is dohviated ^vlmn 
heated high enough, forming banum oxide H calcined m air, Lnim 
onde, BaO, forms banum peroxide BaO as previously indicated Banum 
calci^, and strontium peroxides are made by addmg hydrocen neroxid^ 

to solutions of the corresponding hydroxides The peroxides c^LC ou? 
■With eifirht TnnTp.miTpa of tTro^Av* rt^r% ott ^ oiil 


0 ® 

60 ® 

100 ® 

0 18 

0 13 

0 08 

0 41 

2 6 

2] 7 

1 67 

13 12 

101 4 


with eight molecules of water — ej/ Ca 02 8 H 20 
loro water at about 130°, formmg the corresponding anhydrousTi 
r^aoTof™”®^ decompose, /ving^oxygL^ 


2CaO- 
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§ 5 Metallic Calcium, Strontium, and Barium. 

Lnporo colonuu n-as made by H Davy in 1808, and the pure metal 
was made byH. Moissan, m 1898, byreduomg calcium iodide ivit h sodium . 
The metal is now made by electrolysis of the~ fused ohlondeT'CaCC Ei 
G 0 Seward and P von Kilgelgen’s process (1908), the anode is a 
j graphite crucible, and the cathode a rod of iron which dips m the fused 
ichlonde When the current passes, motalhd calcium collects at the 
lower end of the cathode Calcium chlonde fuses at a lower temiiera- 
ture than metalhc calcium, and the temperature is so regulated that the 
calcium sohdifies on the cathode An irregular rod of metalhc calcium is 
made by slowly raismg the cathode The end of the calcium rod, dippmg 
m the fused oUonde, then forms the lower end of the cathode The rod 
of metalhc calcium ^ppmg m the bath is also cooled by an annular tube 
through which cold water flows Metalhc strontium and banum, more 
or less impure, were first prepared by a similar process to that used for 
metalhc calcium by H. Davy about 1808 

Properties — Calcium is a silver white lustrous metal It tarnishes 
f slowly m air, and when heated m an atmosphere of hydrogen, it forms 
t calcium hydnde, CaH^ , and in an atmosphere of mtrogcn, calcium 
i mtnde, CagN, , m aor, calcium oxide, CaO , and with ohlorme, 
1 calcium chlonde, CaCh The mteraobon of water and calcium is rapid, 
but not violent Hydrogen and calcium hydroxide are produced • 
, Ca + flHjO = Ca(OH)2 + Hj A onist of calcium hydroxide, Ca(OH)3, 
forms on the surface of the metal, and slop's down the reaction If oil 
acid be preseit, the reaction is rather violent. The properties of strontium 
and banum resemble those of metalhc oaloium 

Atomic Weights — Analyses of calcium chlonde, calcium carbonate, 
etc , give numbers correspondmg with a combinmg weight between 40 03 
and 40 23 , the best representative value is taken to be 40 09 (oxygen 
>= 16) Several different hues of evidence, to bo discussed later, show 
that this number IS not for from the atomic weight. According to Dulong 
and Petit’s rule, for example, the quotient of 6 4 divided by the specific 
heat of a sohd element is a dose approximation to the atomic wei^t of 
that element The specific heat of oaloium is 0 162 Hence 6 4 — 0 162 
= 42 approximates to the atomic weight of calcium Banum and strontium 
respectively funush the numbers 137 37 (extremes 137 10 and 137 38) and 
87 63 (extremes 87 37 and 87 68) for the atomic weights 

Occurrence of these elements m nature — ^The free elements do not 
occur m nature Calcium compounds are rather abundant The occur- 
rence of calcium os carbonate has already been discussed. Calcium also 
occurs as sulphate m gypsum or sdentte, CaS04 2HaO , as calcium fiuonde, 
CaFj m fluorspar , os calcium phosphate m phosphorite, etc (g^ ) The 
carbonate and sulphate are common m spnng and nver water Calcium 
compounds occur m all animal and vegetable oiganisms Bones contain 
a large proportion of oombmed calcium The chief natural compounds 
of banum and strontium have already been mdicatcd — stronUanite, 
SrCOa, and celesitnc, SrSO^, heavy spar or barytes, IBaSO^, and mthente, 
BaCOy'^ It is worthy of note that if any two of these elements are found 
m the same nuneral, the pairs wull probably be banum and strontium, or 
strontium and calcium, for banum and calcium do not usually pair together 
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m the absence of strontium — e g strontium is common in Tvithente, stron- 
tium m aragomte, and calcium m celeatme 

History— The name “calcium” is derived from the Latm calx, for 
lime Lime was not distinguished from the other earths by the early 
chemists, but towards the middle of the eighteenth century lime was 
recognized as a distmct earth 

“ Strontium ” is named after Strontian, a village m Argyllshire (Scot- 
land), where strontiamte was first found (1787) The mmeral was first con- 
founded with banum carbonate In 1790, A Crawford suggested that 
strontiamte contamed a pecuhar earth, and based his opimon on the 
e}qpenmenta of W Cruiokshank. The suggestion was confimed by T C 
Hope (1792), and by M H Klaproth (1793) 

V Casciorolus, m 1602, noticed that when heavy spar was calomcd 
with combustible matters, the product became phosphorescent m the dark. 
He called the stone lapis salts, and later, it was called “ Bologman,” or 
Bonoman phosphorus The heavy spar winch furmshed lapis salts was 
at first believed to be a peculiar kmd of gj^psum K W Scheele (1774) 
found that the mmeral contamed a new earth which gave a sulphate 
msoluble m water G de Morveau called the earth “ barote ” — ^from the 
Greek fiapis (barus), heavy — and Lavoisier later altered the word to 
“ baryta,” the name now used for this earth 


§ 6 The Relations between Calcium, Strontium, and Banum 

The elements of the alkalme earths — calcium, barium, and strontium 
--^hibit a close kmship and display a gradation m thour properties from 
member to member as the atomic weight moreases m passmg from calcium 
to banum The elements become more active chemically as their atomic 
weight mcreoses , the specific gravities of the elements and compounds 
mcrease , the basic properties and solubihties of the hydroxides mcrease , 
and the solubihties of the halides, mtrates, sulphates, and chromates de- 
crease The physical properties of the elements are mdicated m Table XX. 


Table XX — ^Physical Propebties op the Alkalike Earth Metals 


— 

Calcium 

Strontium 

Atomic weight 

40 09 

87 63 

Specific gravity 

1 62 

2 66 

Atomic volume 

26 4 

36 16 

Melting pomt 

Specific neat 

780“ 

0162 

800“ 

Plame coloration 

Heat of formation of monoxide 

Bnck-red 

Cnmson 

R'O Cals 

1313 

130 98 


Banum 


137 37 
3 76 
36 6 
860“ 

0 068 
Groen 

130 38 


The metals are fairfy stable in air, they qmckly tarmsh m ordmary 
, and when heated, they bum te the monoxide , they are all bivalent 
they combme with water with the evolution of hydmgen at ordinal^ 


air 
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temporatures , and form soluble oxides of the type R"0, hydroxides of the 
type R"(OH)„, and peroxides of the type R"0, The salts are discussed 
under “Chlondes,” “Sulphates,” “Nitrates,’’ “Sulpludes,” etc Tlie 
normal carbonates are but sparingly soluble m water , the unstable aoid 
carbonates are more soluble. The low solubility of the carbonates, chro 
mates, and sulphates is utilized m analytical work. All three carbonates 
are precipitated when ammomum carbonate is added to solutions of their 
salts Radium, m this family of elements, will be discused later 


Questions 

1 Wliat IS lime ? How is it obtained T ttTiat takes place (a) when bme is 
mixed with water , (b) when it is heated strongly with sand , (e) when it is exposed 
to carbon dioxide cos 1 Give equations — Aberdeen Untv 

2 Distinguish between quick bme, slaked bme, bme water, and milk of bme 
W hat do they absorb from the air 1 — Sheffleld Setenttfie ScJiooI, USA 

3 Give the names and formulm of the four pnnoipal minerals containmg 
calcium How is metalbo caloium prepared t By what reactions would it bo 
possible to prepare from the metal specimens of (o) calcium hydroxide, (6) calcium 
carbonate (c) bleaching powder — London Umv 

4 ilfarimac found thnt B grams of strontium chloride containing six molecules 
of unter of orystalluaition gaio 1 442 grams of strontium sulphate Calculate 
the equivalent of strontium (H = 1, O = 10, S = 32, 01 = 3G 6) — London 
Untv 



CHAPTER XVm 


Beryllium, Magnesium, Zinc, Cadmium, and Mercury 


§ I Beiylhum and Magnesium 

History of beryllium — While analyzing beryl, m 1797, L N Vanquelin 
found that a precipitate "which he thought to be alununium hydroxide, 
dissolved like aluminium hydroxide in potassium hydroxide, but unlike 
aluminium hj'droxide, the solution furnished a uhite pi-eoipitate Mhen 
boiled for some time Unlike alununium hj'droxide, too, the preeipilate 
u’as soluble m ammomum earbonate, and behaved in manj' other ways 
differently from aluminium hydroxide Hence L N Vaiiquclin announced 
the discovery of a new earth—" la teire du Bdnl,” m 1798 The editois 
of the Annalcs de Chetme, in whieli the discovery "was announced, proposed 
the name “glucine” — from the Greek yXvKvi (glueus), sweet — ^because 
many of the salts of Vauquehn’s " le terre du Bdnl ” had a sweet taste 
Since other salts possessed the same property, tlie term derived 

fiom the name of the mineral— has almost displaced the term “ glucina ” 
from recent clienucal literature F Wolilei isolated the metal beiy'Uium 
m 1828 by the action of potassium on berylhuni chloride. 

e^acUon of beryllium -Tlie mineral hmjl, 
dJfcU IS the prmcipal source of betyllium Tho bervls 

^ pm-stones emerald (pale green), and aqua 7 nanne (pale 
blue) Berj'lhum salts can be obtauied from beryl by fusing tho mineral 
with sodium rarbonate , digesting tho resulting mass with hydrochloric 
tlm solution to di^ess to separate the siluw m an in-i 
soluble condifaon , extracting the soluble matters with dilute hydiochlonol 
acid, precipitating a mxture of alununium and beryllium h\'droxidesf 
Witt apnoma, (hssolving the precipitate m potassium hydroxide I 
^d boilmg the solution so as to precipitate the beryllium Iwdroxidel 
^e precipitate is re-<hssolved in acid and re-precipitated from the notasht 
plution a number of times to ensure its freedom from alumina^ Thel 

m converted into various salts by dissolving it m thel 
proper acid— hydrochloric acid for beryllium ohlonde, etc ® f 

medicinal properties of this salt attrant/iri sj^gs at Epsom The 
the salt was eSlS « Epim-sS^t^on 

Magnesia alba (a basic magnesium carbfmnt i anglicum ” 

bZc about 17^. TeS^^i^Sfa 

owmg to Borne tanoiiul ooutnist S “ masnesia 

used for black ourde of uraugauoae I„ ,766.? 



333 


MODERN INORGANIC CHEiHSTRY 


between magnesia and Lmo by sbowing that magnesia furnished a soluble 
sulphate, and hme a spanngly soluble sulphate ^Vllen H. Davy isolated 
the impure metal in 1808, lie called it “ raagnium ” At that time, the 
terms “magnesium” and “ manganeaum ” 'Nvero applied ^onymously 
to the element (manganese) demed from the mineral pyrolusito (man- 
ganese dioxide) To avoid confusion, the term " magneaum ” wos soon 
afterwards restricted to the clement denved from magnesia alba, and 
“ manganese ” to the element derived from pyrolusito ^ 

Occurrence of Magnesium — Magnesium ooours in nature combmed, 
not free, as magicsium carbonate in mag)ve8ite, MgGO<| , double carbonate 
of calcium and magnesium in dolomite, Mf^O.CaCQT. . magnesium 
sulphate in epsom salts, MgSO^ TJl^O , anti kteseritei^ MgSO^ HjO , 
magneaum chloride in camallite and lainite, magnesium ahonto in 
oltvme, MgaSiO^ , enstahte, MgSiOj, etc Magneaum is also common in 
many other minerals e g asbestos, steatite, spinel, meerschaum, sorpon- 
tme, tale, etc 

Atomic weight — ^Thc oombimng ivoight of magnesium (oxj'gon = 16) 
has been determmed by the analysis of the sulphate, oxalate, chlondo, etc , 
and some of the best results he betivcon 24 26 and 24 39 ^lo best ropro- 
sentativo value is taken to bo 24 32 Tins agrees ivith the value for the 
atomic weight estimated by Dulong and Petit’s method of approxima- 
tion, spcoidc heat, 0 2234 , and tlio isomorphism of some magnesium salts 
With iron, zinc, manganese, etc , salts Beryllium has an atomic u eight 
approaching 0 1 

Preparation of the metals — -Magneaum and beryllium ore closely 
related metals, both can bo prepared by the cloctrol} as of the ohloridcs , 
or of a mixture of the respective ohlondes with potassium chloride In 
the cose of magneaum, fused camallite can bo used The metals can 
also be made by hcatmg the ohlondes with sodium MgOly -i-_2Na = 
v/2NaCl -f Mg Both processes — olcotrolyas ond sodium :^uotioh — are 
used for magneaum on a large scale Beryllium is of httle commeroial 
importance 

Properties of magnesium and beryllium — ^Both metals have a 
mlvery white lustre, ond low speoifio gravity When igrated magnesium 
bums m air giving a brilbant wlute light of great aotinio powe r Both 
metals are douly oxidized by moist air Magneaum very slowly decom- 
poses boihng water When heated in a onrront of steam, magneaum 
takes fire, and continues bummg Mg -f 2H2O = Mg(OH), -f- BC, 
Magneaum molts at 632% boryUium a httle above 060° Magnesium boifs 
at about 1120° Both metals readily dissolve m dilute hydrechlone and 
sulphuric acids , magnesium is also rapidly dissolved by mtno acid, and it is 
feerhapsthoonlj metal which giVes a copious yield of hydrogen when treated 
avith mtric acid. Berylhum is not readily ottooked by nitric acid. Beiylhum 
IS dissolved by alkahno hydroxides Be 2KOH = Be(OEl)2 -f Ho The 
hydroxide thus behaves towards bases like a weak acid. Magnesium is 
not appreoiably attacked under the same conditions. Bery llium seems 
to bear tho_same_j;elation to nlkoimo earths that btluumDoars to. the 
alkalma Magneaum rwots with aqueous solutions of ammomum salts 

• It 18 not voiy clear whether the term " magnesia ’’ is o oormption of tho word 
Maiuana in the Sost Indies, or whether • ** manganese ” is o corrupted form of Qie 

word Magnesui, a looahtj m Asia Minor 
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forming a double salt mth the evolution of hydrogen ‘^Magnesium when 
heated with nitrogen forms magnesium mtride, Mg 3 N 2 Magnesmm is us 
m flashhght preparations for photography, and also in makmg firewo^s 
Magnesium and beryllium oxides — ^The OMdes can bo prepared by 
igmting the metals in air, as well as by calcining the nitrates, carbonates, 
and sulphates m the presence of water vapour \ Magnesium oxide is made 
from magnesium chloride of the Stassfurt deposits by converting the latter 
mto the carbonate and oaloinmg the resulting carbonate The “ magnesia 
usta ” of commerce is made by the prolonged calcmntion of the carbonate 
at a low temperature ' ‘ 

Magnesia is shghtly soluble m water to winch it gives a slight alkaline 
reaction 100 c c of water dissolve about 0 001 gram of magnesia Tlio 
oxide IS not completely converted into the hydroxide by the action of 
wrater The hydroxide is precipitated from solutions of magnesium salts 
by the addition of alkah hydroxides Magnesium hydroxide, Mg(OH) 2 , is 
soluble in ammomum salts, and hence the precipitation wath ammonia 
IS mcomplete Mg(OH )2 + 2 KE 4 C 5 I ^ IMgCl^ + If enough 

ammomum salt be present in the solution, magnesium hydroxide will not 
be precipitated at all, at the same time, a soluble salt — ^probably 
(NH 4 ) 3 MgCl 4 , that is, MgCIj 2 NH 4 OI— is formed in the solution 

Magnesium oxide fuses at about 2000°, and on account of its refraototy 
quahties, it is used for pencils as an altcmativo to hmc, in tho so called 
“ hme-hght ” , and also for making refractory bnoks (“ magnesia ” 
bnoks made from calomed magnesite, and “ dolomite bncks ” from calcmcd 
dolomite), crucibles, cupels, furnace linings, etc A paste made with 
water and magnesia calcined at a low temperature behaves sumlarly^ to ^ 
hnie m mortar It gradually re hydrates, absorbs carbon dioxide from 
tho air, and sets m about twelve hours to a hard mass 


§ 2 . Zme, Cadmium, and Mercury — Occurrence and Preparation 


History of Zme — Brass, an alloy of zinc and copper, was known to 
the ancients, and several references to “ brass " occur m the sacred w'ntings 
R Jagnaux says that bracelets made of zinc have been found m the rums 
of Oameros which was destroyed about 600 b c Such know'ledgo of zinc 
os was possessed by tho ancients appears to have been lost for a time 
B Valentme first used the -word “ z^en,” but ho did not refer to it as 
a metal Paracelsus first stated zme to bo a metal In the sixteenth 
century, zmo was brought from Chma and the East Indies under the name 
“ tutanego ” In 1721, J F Henkel discovered that zinc could bo obtained 
from calamme, and a works foi the manufacture of zinc ivas erected at 
Bristol about 1740 by J Champion Champion’s process was patented 
1739 , in this process the ore was distilled in large crucibles arranged with 
a pipe extending downwards through tho bottom of the crumble It is 
called the Enghsh process of “distillation, pei desoensum.” Tho process 
18 obsolete ^ 


Oci^rence of Zme —Metallic zme has been reported m the basaltic 
rooks of Victona (Australia) , but it usually occurs combined as carbonate, 
zttic spar, cdUimim, ZnOOg , sulphide, zinc blende or blacl jacL ZnS 
oxide, zinmte or red sme ore, ZnO, silicate, toittemtie, 2ZnOSiOj, franC 
hnUe, (Znle)O PegOg , zinc spinel or gahmte, ZaO A1,0, ^ ^ 
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History of cadmium — term KoSnua (cadmeia) was applied by 
Discondes, and by PImy, to a zinoiferous earth (oalanune) — found on the 
shores of the Black Sea— which when melted with copper furnished brass — 
aunchalcum. Phny also apphed the term “ oadmia ” to the tutty (impure 
zinc oxide) found in the flues of brass founder’s furnaces. In 1817, 
E Stromeyer discovered a yellow oxide free from iron m a sample of 
zme carbonate used at the smeltmg works at Salzgitter This could only 
be due to the presence of a new metal which he called “ cadmium,” from 
cadmia fomacum, beoartse the metal was found m the “ flowers of zinc,” 
that IS, the flue dust of the zme furnace 

Occurrence of cadmium — ^This element does not occur free It is 
commonly found accompanying zmo in oalamme, and zmo blende Very 
few zme ores oontam more than 0 5 per cent of cadmium. The rare 
mineral greenodntt, cadmium sulphide, C^, is of no commercial importance 
Preparation of zme — ^Zmo and cadmium usually occur together 
The ores employed are the ca rbonate, oxide, and sulphid e The process 
mvolves two operations (1) Boasting —¥he object is to convert the sulphide 
mto the oxide bj' oalomalson The oxidation of the carbonate presents no 
diflBculty ZnCOs = ZnO + COj In the case of the sulphide, the sulphur 
IS oxidized by calomation in air 2ZnS + 30j = 2ZnO + 2 SO 2 (2) Re- 
duction — The crudied oxide is mixed with crushed coke and heat^ to 
bright redness m fireclay retorts. The oxide is reduced with the formation 
of carbon monoxide ZnO C — 2hi CO The metal distils over and 
collects m fireclay or iron receivers. At first a fine grey powder — “ zmo 
dust” — collects m the receiver This is a mixture of zmo oxide and 
powdered metal When the receiver is warm, the metal condenses to a 
liquid which is drawn off at mtervals and oast mto plates or bars If 
zinc sulphate had been produced dunng the roastmg of the sulphide 
ZnS ^2 = ZnSO^, it would be reduced by the carbon book to the 

sulphide, and thus r^uce the yield of metal by 
the ore The zmd so obtamed — called spdter — 
Con dense,' contains carbon, iron, lead, arsenic, and cadmium 
as impunties. It may be refined by careful dis 
’tillation The fireclay retorts have different 
Fio 132 — Belgian Zmo shapes and different types of condensers are 
Ketort used in different smelting works The prevailing 

styles are the Silesian, Belgian, and RhenisL 
The so called Belgian retort is an oval or oyhndnoal tube— 6" to 10" 
diameter, afid about 3' or 4' long The retort is fitted with a conical tube 
— about 16" long— as condenser. Fig 132 The wide end fits the retort 
and the narrow end is fitted inth a sheet iron nozzle to catch any zmo 
dust The retorts are built mto the furnace in roivs and tiers 

Preparation of cadmium —The first product of the distillation of 
zinc ores contains most of the cadmium partly as metal, partly as oxide 
The zmo dust is reduced m clay or iron retorts and redistilled. The 
pioduct, called “ crude cadmium,” contams some zmo from which it con 
be separated by repeated distillation at a low temperature or by electro 
lysis A solution of cadmium chlonde or sulphate — contammg up to 30 
I per cent of cadnuum — ^is electrolyzed with crude cadmium as the anode, 
j and pure cadmium as cathode The cadmium dissoli os from the former 
land IS rcdcpositcd on the latter There are not enough cadm-um ores to 
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allow cadmium to be extracted for its own sake, and hence the extraction? 
of cadmium is often a “ side hne ” m a zmc smelting works. 

History of mercury —Mercury was mentioned 300 B c by Iheo- 
phrastus os Apropos (chutos argyros), qtuoksilver or hquid silver , 

and he states that it can be made by rubbing vmegar mth cinnabar in a 
copper vessel Discondes called it fiSwp ipyvpos (hydor argyro^, “0^“ silver , 
hence the Latm hydrargyrum, and the present-day symbol Hg aiie metal 
had a certam fasomation for the alchemists, and for a time they b^eved 
that it, or something similar, was a constituent of all metals Nimble 
volatile mercury” was named after the mythological Mercury, the messenger 
of the gods, and accordingly the ancient chemists symbolized the metal by 
the coducens or herald’s wand ^ , also used for the planet Mercury 

Occurrence of mercury— Free mercury in small quantities occurs 
disseminated in the ores of mercury Ctnnabar, HgS, is the chief ore of 
mercury^ and it is mmed in Almaden (Spain), Idria (Carniola), Bavarian 
Falatmate, Peru, California, Japan, China, etc 

Preparation of mercury — ^Mercury is obtained almost exclusively' 
from cmnabar, HgS The cinnabar is roasted to oxidize the sulphur, and| 
the metal is liberated HgS -f Oj = SOj + Hg , or else the ore is dis-| 
tilled wth lime in closed retorts whereby calcium sulphide and mercury^ 
are formed 2 HgS -f 2 CaO = 2CaS -f- 2Hg - 1 - Og Tlie former process is, 
generally used, but different condensing arrangements are employed in| 
different works Tlie mercury, for example, may be condensed in laige 
chambers as at Idna, or m a senes of pear-shaped vessels — ^aludcls — | 
connected m rows nearly 60 feet long as at Almaden. About six trains^ 
of aludels are connected with one roasting furnace Crude mercury isi 
sent into commerce m iron bottles holdmg about 76 lbs of liquid metal j 
The mercury may be cleaned by filtration through chamois leather , and* 
purified by distillation from iron retorts In the laboratory, mercury is| 
often punfied by running a fine spray of mercury doivn a long column of| 
dilute mtnc acid (specific gravity 1 1 ), followed by distillation tn vacuo. * 


r 


§ 3 The Properties of Zme, Cadmium, and Mercury. 


Cadmium and zinc are white metals. Zmo is brittle at ordinary tem- 
peratures, but ductile at 100®— 150°, and it can then be drawn into wire, 
and rolled into sheets Cadmium is ductile enough at ordinary tem- 
peratures to be rolled mto sheets and drawn into wire Zinc is brittle 
at 200 °, and it can then be readily powdered Cadmium melts at 320 2 °, 
zmo at 418 2° Mercury is a silveiy-white metal liquid at ordinary tem- 
peratures In thin films, mercury is violet by transmitted light It 
solidifies mto a malleable solid at —38 86 ° Mercury does not tarnish in au 
Both cadmium and zme are slowly oxidized by moist air, and in water 
contaming air m solution, the metals are oxidized ivith the formation of 
basic carbonates ^Both metals are attacked by dilute hydrochloric and^ 
sulphuric acids giving hydrogen, mtnc acid gives oxides of mtrogon fi 
Cadmium is msoluble m alkalme hydroxides, but zinc dissolves, giving off ” 
hydrogen (7 v ) Mercury is not attacked by hydrochlonc acid , concen , 
trated sulphunc acid acts very slowly in the cold , but when heated, *■’' 
mercunc sulphate, HgSO^, sulphur dioxide, and some mercurous sulphide 
are formed Concentrated mtnc acid rapidly attacks mercuiy forming 
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merouno nitrate and o’tidcs of nitrogen Dilute nitno acid acts sloirlv 
giving mercurous nitrate. Alkali liydrovidcs have no appreciable action 

on moromy ^ i mt. 

Amalgams — Mercuiy is a good solvent for some of the metals The 
solutions are called “ amalgams.” Tlic phenomena attending the solution 
of the metals in iiieroiiiy appear to bo closely analogous ivith the solution 

A considerable amount of heat is often 
developed, os is the case nhen sodium 
or potnsgiura metals arc dissolved in 
mercury The freezing points of solu- 
tions of potassium in menurv aro in- 
dicated by the curve. Fig 133 Compare 
Figs 55 05, etc The breaks in the 
curve correspond mth the formation of 
the follotnnE compounds KHg (indts 
1780). KH^ (2700), iqgrg, (2(W“), 
K^Hgj (173°) , KHg, (70°) Two well 
defined eutectics occur at 47° and — 43° 
Tito numbers in brackets represent 
mcltmg points. With sodium the 
followmg compounds arc indicated on 
the freezing point curve NaHgi (159°) , 
NaHg„ (300°), NaHg (129°), Na.,Hg. 
(123°); Na„Hg„ (62°) , Na,Hg ( ~J4°)' 
Per cent of mercury When tlie potassium amalganw are 

Fio 133— Freezing Cur\ os of Polos beated to 4^ oiystolhno, KE^,, re 
Slum iforouiy Amolgoms mams behind , mtn sodium Nn,Hg 

These latter compounds spontaneously 
inflame when exposed to the air Gold and silver dissolve rcadilj in 
merouiy and this fact is utilized in the ovtraotion of gold (yr) Tin 
amalgam is soft, and is used in making mirrors. Amalgams of gold, 
copper, and zinc, are used in dentistiy for stoppmg teeth Zinc amalgam 
IiB but slowly attaeked by sulphuno aoid, and amalgamated zino is used 
iin making batteries. The zinc dissolves onlv when the oireuit is closed 
The atomic weight of zinc and cadmium — The combining weight 
of zmo has been detennmed by the analysis of the halogen compounds, 
the carbonate, and the sulphate, and the synthesis of the oxide Some 
of the best results (oxygon = 16) vary betivcen 65 24 and 65 99 , ond 
the best representative value is taken to be 6$ 37, which agrees with the 
atomic weight estunated from the isomorplusm of zinc salts with some 
salts of magnesium, manganese, etc , the vapour density of volatile 
compounds of zmo , and Dulong and Petit’s method of approximation, 
specific heat of zme, 0 0935 The atomio weight of cadimum determined 
by smular methods is 1 12 4 

The atonuc weight of mercury — Some of the best determinations 
of the combmmg wei^t of merouiy, by the analysis or synthesis of merouiy 
oxide, sulphide, chloride, bromide, and oyamde give numbers ranging from 
199 83 to 200 23 The best representative value (oxygen = 16) is taken 
to he 200 , and this number also corresponds with the atomio weight 
estimated from the vapour density of volatile compounds of mercury , ond 
the isomorphism of some merouiy salts with salts of Jead, copper, etc. 


of different substances in water 
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Uses-^Zmo is used in making tke anode plates of batteries and m 
making certam utensils It is also a prevailing constituent m certam 
alloys brasses, German silver, bronze, etc (jv) Galvanized iron is 
iron covered with a protective coatmg of zmc to prevent rusting In one 
process of galvanizmg, the iron is cleaned with acid or sand blasts 
and subsequently dipped m molten zmc , m another process of galvanizmg, 
the zmc IS deposited electrolytically, similar to electroplating, dcscnbed on 
p 303 '^lerouiy is used m making certam medicmal preparations — ^blue 
pills and mercunal omtments , m makmg amalgams , and m the manu* 
facture of scientific mstruments — ^thermometers, barometers, etc *^Cadmium 
is used m makmg certam fusible alloys (gv) 

< 

4 . The Oxides of Zinc, Cadmium, and Mercury. 

Zmc monoxide, ZnO , and cadmium monoxide, CdO — Tlio 
monomdes of zmc and cadmium are formed when the metals arc burnt 
in air 2Zn -j- Oj = 2ZnO Zmc oxide, under the commercial name 
“ zmc white," is manufactured by heatmg zmc in air and passing the fumes 
into condensmg chambers where the oxide collects Zmc oxide is used 
m place of white lead m a wlute pigment where the blackemng of w-lute 
lead is objectionable (Zme oxide appears yellow when hot, white when 
cold J Cadmium oxide, CdO, has a nch brown colour Zmc oxide fonns 
hexagonal crystals if heated to a very high temperature , it does not molt 
even m the oxyhydrogen bloAvpipe, but, like bmo and magnesia, the oxido 
is vividly mcandescent under these conditions, it afterwards appears phos- 
phorescent m the dark * 

Zmc hydroxide, Zn(OH) 2 , cadmium hydroxide, CdfOHk —Thoso 
hydroxides cannot be produced by the action of water on the omdes. but 
they are preoipitoted when an alkalme hydroxide is added to a solution 
of a zmc or a cadmium salt Zmc hydroxide, unlike cadmium hydroxide 
18 Mluble m an excess of the alkalme hydroxide, formmg salts of the type! 
&(OK^ called zmeates m same salt is formed when zmc metal is 
h^olved in potassium hydroxide Both hydroxides are soluble n, 

character of the hydroxide, hut hecausc 
of toe formation of coipplex anUnomo zmc oxide — 3ZnO 4NS 12 TT O ^ 
Both oxides.aroJm 3 ic and.yield salts on treatment w^aSds " 

Zmc and cadmium peroxides —Both ^0 and 

CdOj, when fee ojades are moistened with hvdroircn 
They are l?robabirHp5S,Sa5r sTthW-they am mStS 
by to oonahtutional formnlie Zn<g and Od<g These neromdee ^ 
msdy deeompo^ by aeids with to evolution ol ovygen Tho neromdee 

formed This wdien treilted S wSTmL 

and tins, m turn, w'hen gently warmed eirea 

Zmc does not form an oxide low’e?toan Z^^^‘^°y® I 

cadimum, m this respect, is more closely 

also forms two oxides, merouno oxide HcO anH “^erouy, which} 

Mercurous omde, HdrO.-This tiK 
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brown powder hen calomel, HgCl« is digested ■with an nlkalmc hydroxide 
HgCl + KOH = KCl + HgOH , 2HgOH = HggO + HjO , and os a black 
powder when an alkaline hj droxide is added to soluble mercurous so Its No 
correspondmg h jdroxideis known Instead of bemg oxidized in air , mercurous 
oxide IS decomposed when warmed, or nhen exposed to air m the hght, 
forming mercuric oxide and mercury 2Hg20 = 2HgO + 2Hg Mercurous 
oxide is feebly basic, and it exhibits no acidic qualities like zme oxide 
Mercuric Oxide, HgO' first sight, "this oxide appears to exist in 
Wo distinct modifications — ^red and yellow If a merouno salt be treated 
inth an excess of alkahne hydroxide m the cold, merouno hydroxide is 
probably formed, but this immediately decomposes into yellow merctmo 
oxide If the precipitation be made from hot solutions, an orange pre 
oipitato IS obtamed.^ The difference m colour is probably due to the stato 
of subdivision of the precipitate The larger the granules, the redder the 
tmt. If merouno oxide be prepared by the igmtion of the nitrate, or 
by oalommg the metal in air, nearly at its boihng pomt, the oxide is red 
and distmotly orystalhne, the yellow oxide becomes red when heated to 
about 400° When heat^, the red oxide darkens m colour and finally 
appears almost black, the red colour returns on coohng If heated 
above the temperature at which the oxide appears to blacken, it decom- 
poses mto mercury and oxygen ^Tho yellow oxide is shghtly soluble in 
Avater, and the solution has an alkahne reaction vnth basic, but no ocidio, 
qualities'' 

On account of the ease with which mercuno oxide parts inth its 
joxygen, it is an active oxidizmg agent The yellow oxide is more aotivo 
fthan the red, probably owing to its finer state of subdivision Hence, the 
lyellow oxide was used m preference to the red m preparing ohlormo 
(monoxide and hypochlorous acid 

^ § S The Magnesium-Zinc Fanuly of Elements 

' These elements form a famUy related m many vays with ono another, 
Bq and mth the metals of the alkalme earths. Berj'Uinm andmag- 
I nesium form a kmd of subgroup , zmo, cadmium and mcrctuy 
jjg form another subgroup The metals berylhum and magnesium 
appear to link the alkahne earths with zinc, cadmium and mer- 
Oa \ oury The scheme indicated in the maigm is sometimes used to 
I Zn illustrate the idea There may be a nussing member between 
gr I cadmium and mercuiy, smoe cadmium is much more closely 
I Cd related to zmo than it is to mereuiy The vapours of all the 
Ba I elements appear to be composed of monatomic molecules The 
TTg chemical relations have been discussed m what precedes , the 
physical properties of tho metals are summarized m the tabic — 


Tidli X\I — PiiisicAT PnopiKTiEs OF THE Magnesium -Zinc Mmui 


— 

Borylhum 

Magnesium 

Zmc. 

Cadmium 

Merourj 

Atoraio weight 
Speoifio gravity 
Atoinio A olume 
Minting pomt 
Boibng pomt 

0 1 

1 04 

66 

over 960“ 

24 32 

1 76 

13 8 
632“ 
1120“ 

66 37 

6 0-7 2 

0 34 

418 2“ 
016“ 

112 40 

8 6 

13 0 

320 2“ 
780“ 
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The metals are not oxidized so readily as the alkalme earths The 
afiimty of the metals for oxygen decreases TVith mcreasmg atomic weight 
Beryllium does not bear so close a relationship to magnesium, zmc, and 
cadmium, and, while mercury has a great many similarities, it has many 
important differences, thus (1) The salts are all volatile , (2) it does not 
readily combme with oxygen (3) its hydroxide is difficult to make , (4), 
the black sulphide is virtually msoluble m mtnc acid , and (6) it forms twoj 
chlondes one of which resembles silver chlonde As a matter of fact, the 
properties of the mercuric salts can scarcely be said to fratcnuze very! 
closely with the salts of any other metal 

The carbonates of these elements break up when hetited mto carbon 
dioxide, and a residual oxide, and, with the exception of magnesia, the 
oxides are but sparmgly soluble m water Magnesium oxide is white , 
zmc oxide is white when cold, yellow when hot , cadmium oxide is yellow 
when cold, and mercuric oxide is red The oxides and hydroxides are 
soluble m solutions of ammornum salts The basic character of the hydroxides 
decreases with mcreasmg atomic weight The hydroxides are not made by 
direct umon of the oxide with water, and the water is easily expelled from 
the hydroxides by heat This is not the case with the hydroxides of the 
alkalme earths The sulphates are soluble and zmc and magnesium sul- 
phates are isomorphous , the sulphates are all less stable than those of the 
alkalme earths, and their stabihty decreases with mcreasmg atomic weight 
The sulphates all combme with potassium sulphate — co ZnSO, K SO 
6H,0 The chlondee Me eU ,5at.le dehquLe^Jhd, , ^ 
magnesium chlondes are readily hydrolyzed m aqueous solution, and form 
basic salts when the solutions are evaporated to dryness This is not the 
caOT with cadmium and mercunc chlondes The two latter readily combme 
with ammonia to form complex salts, and cadmium like mercun. forms a 
lower 0 X 1 ^ and effionde , the iodides of these two elements are isomor- 
phous The hahdra become less stable on passmg from boiyllmm to 
mer^ The sulphides morose m stabihty and are less soluble as tlm 
increases The sulpludes of the first two elements are 
not formed m the prraence of water, zmc sulphide is stable m aqueous 
and shghtly aoiffio solutions , cadmium sulpludo is dissolved by concen- 

trated but not by Alute acids, whereas mercunc sulphide is scarcclv 
attacked, even by boihng mtnc acid. "unjuiue is scarcely 

Questions 

•1 State any facte known to you which tend to show flmt oii 
“TS;? n-'huna of the oomt, w iST 

and Marchand obtamed 109 0308 grams of mor^rv^ ”on *tbo 

mercunc oxide is formed by the unron of ono atom of assumption that 

oxygen, what light do these facte throw onh7atem!c „n^ i 7 o 1 ^^^^^^ 

mercu^ ? — Science and An Dept molecular woighte ol 

3 How IS potassium clilondo converted into nnttni- - i 

chlorate t Startmg from camalhte, tho double XSdo^ of“,o Potassiiur 

potassium, show bnefly how the metals moCTcsiumani o^v” * magnesium anc 

— OuiMis Coll «i»gncsium and potassium con be obtained 

4 How can mcrouno and mercurous chlondn ..ut , , 

sulphate t What is the ncUon of morcuno olilorido 5 

(a) xKitossiuni iodide, (6) stannous chlondc fcl nm,., 'yth solutions o 

—London Univ «umou8 cuionac, (c) ammonia, (d) sodium hydroxido ' 



CHAPTER XIX 


The Alkali Metals 

§ I Potassium and Sodium Carbonates 

The ash of uood, not coal, contains about 30 per cent of potassium car- 
bonate In special districts it may be profitable to bum wood in pits and 
o\tract the ashes mth u ator in n ooden tubs The clear liquid is evaporated 
to dryness in iron pots and calcined to bum auay the organic matter 
Tlio residue is the so called Amencan potash, that is, pot-ashes Instead 
of evaporating the aqueous extract to dryness, a purer product can bo 
obtained by evaporating the liquid until the loss soluble impurities oiys- 
talhzo out, and finally ei aporating the mother liquid to diyncss ns before 
IVhite refined potash is sometimes called pearl ash Potash is also obtained 
from the residue loft after beet sugar has been {ormented, and the alcohol 
removed bj distillation The hquid in the retort is oiaponvtcd to drjTicss, 
calcined, and extraoted with iratcr ns before 

The potash found in plants is obtained from the soil, mid the potash 
m the soil is one product of the decomposition of rocks uhich form the 
earth’s crust. The potash u Inch herbivorous animals — eg sheep — drnu 
from the land is largely exuded as an oily sweat from the skm, and called, 
after the French, sumt Hie suint accumulates in the wool so that it may 
form os much as one third the weight of raw menno wool The liquid 
in which w'ool is first washed contains most of the mimt Tlus liquid can 
bo evaporated to diyncss and heated in iron pots or retorts Potassium 
carbonate is extracted from the residue by liMviation with water ns indi- 
cated above Most of the potassium carbonate in commerce is manu- 
factured from potassium sulphate by Leblanc’s process, to be desonbed 
later 

Potassium oarbonate exliibits tlie typical alkahnc reaction, for it turns 
red htmus blue, but, like calcium carbonate, it is a salt, and is formed by the 
umon of the base potassium oxide, KjO, with carbon dioxide, CO 3 "ftTien 
treated with on acid, the carbon dioxide is oxjielled, and another salt is formed. 
Thus ivith hydroohlorio acid K^COg -}- 2HC1 = 2KC1 -H COo + HoO 
The alkalme lakes of Nevada and South California give sodium oar 
bonato on evaporation “ Natural soda,” also called trona or wrao, has 
been extracted oominorcially at Queen’s lake Trona from that district 
has a comjiosition corresponduig with NagCOg NoHCOg 2 H 2 O 

Historical — IWide the ashes of land plants furnish potassium carbonate, 
^e ashes of sea plants furnish n similar, but not identical, alkjvjitr-sodium 
carbonate Both sodium and potassium carbonates were once moluded 
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Tinder the Arabian term alkali. Li order to distinguish these two salts 
from ammomuin carbonate, they were termed fixed alkalies, and ammomum 
carboiiate was called volatile s^ali H L Duhamel dn Monceau (1736) 
first oliarly recognized the difference between potash and soda, and the 
two were ^stmgmshcd by using the term vegetable alkali for potassium 
carbonate, and mineral alkali for sodium carbonate When M H. 
Klaproth (1796) showed that the vegetable alkah occurred in many mmerals, 
the ixstm. potash (English), or poiasse (French), was apphed to this particular 
compound The Germans use the term lali — derived from the Arabian 
term “ kah,” for ash Klaproth also proposed to confine the term natron 
to mmoral alkah, sodium carbonate The English equivalent for natron 
IS soda, and the French so^ide The Italians applied the word “ soda ” 
to an ash used in makmg glass , and the Frenqh apphed the term “ soudo ” 
to the plant glasswort, the ashes of which were used in makmg glass and 
soap The first letter of the word “ kah ” is used by all chemists as the 
symbol for potassium, and the first two letters of the word “ natron ” for 
sodium 

The early chemists reserved the term earth for those substances 
which wore msoluble in water and which did not undergo alteration when 
calcined at a high temperature — c g alumina, sihca, magnesia, lime, etc 
Tlio earths — ^lime and magnesia — which uore related to the alkahcs by 
givmg an alkahno reaction and neutrahzmg acids, were termed alkaline 
earths Baiyta and strontiauero afterwards included among the alka- 
hno earths 


§ 2 Potassium and Sodium Hydroxides 

Preparation — Sodium and potassium hydroxides cannot bo con- 
vemently mode oalommg the correspondmg carbonate and digcstmg 
the residue with water os in the case of calcium hydromdo, because the two 
alkah carbonates do not decompose so readily as calcium carbonate The 
preparation of the oxides of potassium and sodium is rather difficult and 
c^ensive pnce, although the hydroxide can bo made by the action 
of water on these oxides, it is far more economical to employ other methods 
of preparation Two processes are used in the manufacture of these 
hytoxides. Take potassium hydroxide os a type for both AVhcn calcium 
hy^oxide is added to a bOihng solution of potassium carbonate in an iron 
or ^ver or nmkd vessel, caJcium carbonate is precipitated, and potassium 
hydroxide, KOH, remains m solution Ca(OH)„ + K CO — PTTOW 
-( aoo. lie oleer eotabon « decanted fconi’ 
carbonate, and concentrated by heatmg it m iron pots Hm eleotrolysis of 

.freexS 

studied m the hght of the theory of eSi« ^ JaA 

chemical reactions generally The A 

bnum, and accordingly, the^reaction is repreSnted ^ 

K 2 CO 3 + Ca(OH )3 CaCOg -(- 2KOH 



S 48 


MODERN INORGANIC CHEinSTRY 


J An e xcess nf s n^ijl calcium liydroxide is supposed to be present at the 
I start so that as fnSnis calcium Iiydroxido is removed /rom the solution by 
I reacting mth the potassium carbonate, more passes mUo solution Thus 
? the concentration of the calcium hydroxide in the solution is kept constant 
/ The solubility of calcium carbonate is veiy small, and, in consequence, any 
■< calcium carbonate m excess of the solubility constant tviII bo precipitated 
as fast as it is formed The reaction proceeds steadily from loft to nglit 
because, all the time, caloium hydroxide steadily passes into solution, 
and calcium carbonate is steadily precipitated But-UiO-ao hibility of 
calcium joarbonatp steadily increases mth increasing concentrations^ 
; potassium hydroxide There is a steady transformation of the potassium 
carbonate into potassium hydroxide in progress Tlio concentration of 
'the potassium carbonate is steadily decreasing, ■«hilo the concentration 
V of the potassium hydroxide is steadily increasing Consequently, irhen 
‘jthe potassium hydroxide has attained a certain concentration so much 
j calcium carbonate will bo present m the solution that tlic reaction mil 
I cease Hence the concentration of the potassium oaibonato should bo such 

,that it is all oxliaustcd before the state of equilibrium is reached If the 
Concentration of the potassium hydroxide sliould exceed this critical value, 
Hhe reaction mil bo reversed, and caloium carbonate mil bo tiansfornied 
jinto calcium h} droxido 

' Theory of preparation — bionic — ^Tlie explanation offered by the ionic 
jthcoiy runs somouhat ns follows At the start, the solution contains the 
^lons 

E:2CO,5=i2K +CO,', and Ca(OH)j Ca + 20 H' 

<,Tlio solubility product [Ca ][COj"] is voiy small, and vciy much leas 
•(than the solubihty product [Ca J[OH 7 ". consequently, since relatively 
1 large proportions of both the ions Ca from the Ca(OH)3, and CO3' from 
jthe K3CO3 are present in the solution, calcium carbonate mil bo precipi 
stated, and mil continue being precipitated so long os the potassium car* 
(bonato and calcium hydroxide can supply ions COj" and Ca in excess of 
r the solubihty product of calcium carbonate But the calcium hydroxide 
^furnishes the Ca ions, and the solubihty of CalOH), is determined, os wo 
'have seen, by the solubihty product [Ca ][OH']® With the steady removal 
‘ of Ca and CO3' 10ns, the concentration of the K and the OH' 10ns must 
ftbe continually mcrcasmg By and-by the concentration of the OH' 10ns 
'‘^becomes relatively large , tlus, in virtue of the common ion OH', reduces 
jthe concentration of the Ca ions required to raamtam the solubihty 
('product of calcium hydroxide up to its oivn constant value Finally, 
when the concentration of the OH' 10ns is so great that the concentration 
of the Ca ions from the calcium hydroxide is no greater than the con- 
loentration of the Ca 10ns required to maintain the solubihly produet of 
the calcium carbonate at its own cbaractenstio value, the reaction mil 
stop Hence the concentration of the potassium carbonate m the solution 
[should be so adjusted that this salt is exhausted before the reaction stops. 

Properties — ^Both hydroxides arc white ciystallmo compounds which 
rapidly absorb moisture and carbon dioxide from the atmosphere In 
aqueous solution, both hydroxides are corrosive bases Both compounds 
dissolve m water mth the evolution of much heat Both hydroxides 
melt easily, and are frequently' cost mto sticks for convemence in 
use Large quantities of sodium hydroxide — also called canshc soda- 
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ate used in bleacliing dyeing, and m refining of oils, in the manufacture 
of Iiard soap, and of paper Potassium hydroxide — also called cmislic 
•polasli — IS alM used for making soft soap 


§ 3. Black’s Investigation on Hie Carbonates of the Alkalies and Y 

Alkaline Earths 


J Black’s “ expenmenta upon magnesia alba, qiucklimc, and other 
alcalme substances," published in 1755, first made clear the relations 
between caustic alkali and mild alkdli , ^ that is, between the alkali 
oxides and alkali carbonates These relations were not understood by 
the early chenusts. They beheved the “ mild alkalies ” and “ mild earths " 
to be elementary substances , that the causticity of lime was due to the 
union of “ fire-matter ” (phlogiston) ivith the element chalk , and the 
conversion of mild alkali into caustic alkali, inth the simultaneous 
regeneration of chalk, by boiling the former mtli eaiistic lime, uas duo 
simply to the transfer of the “ fire matter ” from the lime to the mild 
alkali Otherwise expressed 

Quicklime = Chalk -h Fire matter 
Black proved this hypothesis to be untenable 

Black demonstrated experimentally that chalk after ignition neutralized 
the same quantify of acid as before ignition, but the calcined chalk dissolves 
m the acid uithout effervescence, -whereas the original chalk lost a gas 
which he called “ fixed air,” but which is now called “ carbon dio-vide ” 
The salts formed by the action of acids on ealcmed and uncalciiied lime 
are identical in every respect, and the same amount of gas is expelled from 
chalk -whether the chalk be calcined or digested m acids Further, by 
weighing the chalk before and after calcination. Black found a loss, not a 
gam, m weight Tlius 


Ordmnry chalk 120 grains 

Quicklime 68 „ 

Loss in weight “62 „ 

Hence added Black, " we may safely conclude that the volatile matter 
lost durmg the calcmation is mostly air, and hence calcined hmo does not 
enut air or make an effervescence when mixed -with acids " Again lime 
becomes caustic owmg to the loss of fixed air Consequently Black 

Clialk = Quicklime + Fixed air 
Hence, quicklime is simpler than chalk or limestone 

On boihng the 68 grams of quicklime obtained m the experiment cited 
above, vith pot-ashes. Black finaUy obtained 118 grains of a wliite iwwdw 
similar in every tnal ” to ordmary chalk The 118 grams ofchalk 
corres^nd with the 120 grams origmally taken ivithm the Smts of e^en^ 
mental mror resultmg caustic pot-ashes no longer cffervesced^th 
acids, irhmeaa the regracrated chalk did Hence Btook conduM S 

St thTSi^hT"” ^ 

Black thus demonstrated the modem view of the changes which attend 

“PPbed to what are how called 
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the transformation of a mild into a oaustio alkali, and proved that tlicso 
changes arc similar to tlioso vhioli occur during the conversion of a mild 
earth into a quicklime Black's cYpenmciits also made clear the relations 
between the “mild alkalies’’ (alkali carbonates), “caustic alkalies’’ 
(alkali hydroxides) , “ mild earths ” (carbonates of the alkaline cartlis) , 
and the “ quieklimcs ” (oxides of the alkaline earths) Tlicso interesting 
experiments by Black involved the use of the balance, and the method. 
Inter on, nos extended by Lavoisier in Ins brilliant work on oxidation and 
combustion 


§ 4 Metallic Sodium and Potassium 

tMion any nppnrontlj o-xcoptional or now subttanco w onrountored, tho 
olioinist IS (puclod in his troatiiiont of it niinlopics vliirli it seonis to 
present with prov lonalj known substuncm — \\ S Jrvoxs 

Discov ones in science are v or^ often made bj follouang np hints recciv ed 
from analogies Tlio isolation of the metals potassium and sodium is a 
good illustration At the beginning of tho nineteenth oentuty, the so* 
called alkabcs and alkaline earths — magnesia, lime, ond potash — were 
considered to bo olomentarj substances Ijavoisicr proved that some 
things resembling the earths — cjr tin oxide, iron rust, mercuric oxide — 
could bo resolved into two substances, oxygen and a metal By analogy, 
it was inferred that it might bo possible to rcsolv o tho alkalies and the 
alkahnc earths into tho oorrespondmg inofnls and oxj'gen After it hod 
been sliowTi that tho oleotno current could resolve water and certain other 
salts into their elements, H Davj tried if tho electric current would work 
111 an analogous manner on caustic soda and caustic potash M a result, 
Davj' laola^ tho metal potassium on October 6, 1807, and sodium a few 
days aftcnvarcLs This isoovorj was soon followed bj the isolation of 
barium, strontium, and calcium By analog}, it was further inferred 
that all amorphous powders — alumina, magnesia, etc — ^possessing similar 
properties, wore motalho oxides As a result, when a now earth is now 
discovered, oliomists behove, b} laitli, that it is tho oxide of a metal ov on 
m coses wdioro tho supposed metal has never been isolated 

Davy exposed a piece of solid potassium h} droxide to tho atmosphere 
for a few seconds so that a conducting film of moisture formed on tho 
surface The piece of potash was then placed on an insulated disc of 
platmum connected wath tho negative polo of a battoi}, and o platinum 
vnro connected vnth tho iiositivo polo was brought in contact vnth tlio upper 
surface of tho potash Davy adds 

Under these eiroumatances i» vivid notion was observed to take place The 
potnsh begon to fuse nt both its points of oicctnflcntion Tliore nos n violent 
ofiervcsoonco ot tlio upper surface , at tho lower, or nogntivo surface, there v\os 
no hteration of elastic fluid , but siiioll globules hoving a high motalho lustre 
and being precisely similar m visible oharacter to quioksilver, appeared, some of 
uhioh burnt with explosion and bright flame ns soon as they wore formed and 
others remnmod, and wore merely tarmshed, and flnall} covered bj a white 
film which formed on their surface Tlieso globules, numerous experiments soon 
showed to bo tlio substance I was in snaroii of, ond a poouhnr inflammable pnnciDio, 
the basis of potash 

Soon after Davy’s discovery, J L Gay-Lussac and L J Tlu-nard 
(1808) prepared the metal by heating metallic iron with potash at a w iito 
heat 4KOH + SFc = FogO^ -f- 2Ho + 4K. Tho potassium metal v aponi'ed. 
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and condensed in a copper receiver containing rock oil to prevent the 
osidation of the metal Later on, M Curaudau (1808) substituted char- 
coal m place of iron as reduomg agent , and later still, H Y Castner (1888) 
used iron carbide — ^FeCo Caloium carbide, CaCj, has also been used for 
the same purpose 6KOH + 2Ca02 = 6K 4* 2CaO + 4CO + SHj The 
element is also obtamed by the action of carbon on potassium carbonate 
at a high temperature K^GOs + 20 = 2K + 3CO,_but if the vapour of 
the potassium be not rapidly cooled, a black explosive compound mth the 
carbon monoxide, CO, is said to be formed — potassium carbonyl, Ko(CO )2 
In modem works, where cheap electrical energy is available, modifications 
of Davy’s ongmal process — electrolysis of fused sodium hydroxide — are used 
for prepanng sodium mdustnally, c.j 7 H Y Castner’s electrolytic process 
(1890) Sodium chloride mixed with powdered lead, and heated red hot 
m a closed retort is said to give metalhc sodium 2I3^a(3 -J- Pb“^2]Sra -{- PbClg 
H Y Castner's electrolytic process for sodium — ^Thc sodium 
hydroxide, oontamed m an iron pot sot in bnckivork, is molted by means 


of a rmg of gas 
]ets placed under- 
neath, and kept 
about 20® above 
the melting point 
(310°) of soium 
hydroxide. The 
cathode H, rises 
through the bottom 
of the iron pot. A, 
Fig 134, and is 
mamtamcdin posi- 
tion by a cake, K, 
of sohd sodium 
hydroxide in the 
lower part of the 
pot The anodes, 
F, several m num- 
ber, are 6US]7ended 
around the ca- 
thodes from above 
A cyhndncal vessel, 
ND, floats in the 



Fra 134 — Costner’s Electrolytic Process for Soditun 


fused alkah above the cathode, and the sodium and hydrogen liberated at 
the cathode collect under this oylmder The hydrogen escapes through 
the cover, and the atmosphere of hydrogen in the cylmder proteote the 
sodium from oxidation A nickel wire cage, Jf, separates the anode, F, from 
the cathode, H From time to time the sodium, D, is skimmed off by 
means of a perforated ladle which retains the hquid metal, but allows the 
molten hy^oxide to flow back The hberated at the Tnode 

escapes the vent P H 3 ^ogen is a by-product m Castner’s process, 
and if there be no commerciiTHomand for this gas, its production renro- 
sents so muc^ wasted energy Attention has been prewusly directed to 
the preparation of so^um by the electrolysis of fused sodium chlondo 
whereby sodium is produced at one electrode, and chlorme at the other 
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Properties — sodium and potassium are silver lustrous 

metals u hich tarnish at once u hen exposed to the air ou ing to the formation 
of a fdm of oxide Tliese metals are thoroforc usually preserved in mcII- 
stoppered vessels, or in a liquid containing no oxygen, c g iiaplitlia, or 
petroleum In thin lajers on glass, potassium appears bluish violet, 
sodium, ycllouJsh-broini Tlie vapour of potassium at a rod heat appears 
to bo violet, and sodium colourless in thin la} tr«, purple in thick la} ers 
The metals aro lighter than water, and at ordinal} temperatures tlii} aro 
soft enough to bo moulded between the fingirs- Sodium molls at 07“, 
potassium at 62 3® , sodium boils at 877 5“, potassium at 700® Potassium 
18 rather more chemicall} aetivc than eotliuni^ Roth metals react with 
water to form li}dro\idc3 2K •{" SHjO — 2ICOH Hj The heat of 
the reaction with potassium suffices to ignite the hjdrogcii , with sodium, 
the hvdrogcn ignites if the water is vvarmetl The flame of hxdrogcn is 
, coloured b} the vapours of the respective metals — jiotassium, lavender- 
blue, sodium, daffodil } cllou Both metals dissolve in liquid nmmonio. 
giving blue solutions, vwth iwtassium the solution is indigo blue Heated 
nThri atmdsplierc'of carbon dioxitTcT free carbon and a cnrliohalo of the 
metal aro formed Potassium with carbon monoxide forms the explosive 
compound prcvnously mentioned , with the halogens, tht metals take fire, 
forming the corresponding halides , when heated in hvdrogen, white erjB- 
talhnc hydrides arc fomicd — KH and Nall , and in air, sodium and 
potassium bum, each metal forming a mixtutu of oxides Pcrfcctl} dty 
air or ox}'gen has no appreciable effect upon the dry metals 

Uses — ^An alloy of potassium and sodium, liquid at ordinary tempt m 
turcs, IS used for some lugli temperature thomiomolcrs above the boiling 
point of mercury fiiodium is used m the manufacture of sodium C} amde 
and sodium peroxide, in diynng oils, and m tlic mamifaolurc of organic 
Qompounds. 

Atomic and molecular weights — ^Tlio combining weight of sodium 
dotermmed hytho anal} sis of sodium salts — sodium chloride, etc — lies 
between 2300 and 23 17 , the best rcprcscntalvvo value is probably 21 
Tlic atomic weight by Diilong and Petit's mctliod of approximation (6 4 — 
speoifio heat = atomic weight) is 0 4 — 0 283 = 22 0 Consequently, 23 
IS taken to bo the atomic weight of sodium The vapour donsitv of sodium 
18 25 7, whicli corresponds vnth a one-atom molecule Similarly, analyses 
of potassium ohlonde and other potassium salts show that the combining 
weight of potassium hes between 38 67 and 39 33 , the best rcprescntativ 0 
value IS supposed to be 39 10, and, the spcoiflc licat being 0 160, Dulong 
and petit’s motliod of approximation furnishes 6 4 -t- 0 100 — 38 56 corre- 
sponding with the atomic weight 39 10 The vapour density 42 34 at 
1040® corresponds with a one atom molecule Freezing-point dctormiim 
tions of solutions of tlio metals 111 mcrcuiy show that these elements liav c a 
one atom molecule when dissolved 111 mercury The v apour densities of 
potassium and sodium elilondcs at 2000® show that hero again the atomio 
weights of potassium and sodium arc probably 39 10 and 23 resjiectivcly 

Occurrence — ^Potassium and sodium only occur in nature oombmed 
with other elements, but the compotmds are widely distributed, being 
present m many silioato rooks, etc Potassium occurs os sydvine, carnal- 
hto, kainite, etc , in the Stassfurt deposits {qv) fclodium is present 111 
sea yvtttor, etc , and it occurs as rook salt {qv) and as Chib saltpetre {qv) 
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§ 5 Potassium and Sodium Monoxides and Peroxides 

Sodium and potassium monoxides — ^Na^O and KjO —The monoxides 
o£ the alkali metals aiti made by heating the metals m a limited supply of 
dry air at a temperature below 180®, and removmg the excess of metal 
by distillation in vacuo The monoxides so obtamed are not pure, being 
probably a mixture of monoxide, say NagO, and peroxide, NagOg The 
monoxides have also been made by heatmg the metal with the eorrespond- 
mg mtrates 2NaN03 + 10Na=6No2O + Ng. ( The tivo oxides combine 
with Avater to form the hydroxides with the evolution of a considerable 
amount of heat ^ Lithium oxide, however, does not evolve so much heat 
Sodium peroxide, NagOg — ^This oxide is formed vhen sodium is burnt 
in a stream of oxygen, or when the metal is heated in alununium trays m 
iron tubes at about 300° The product contains about 96 per cent of 
sodium peroxide Pure sodium peroxide is white, but the comlncrcial 
product IS usually tmged yellow The peroxide is stable in dry air at 
ordmary temperatures , and in moist air, or m the presence of water, it 
IS decomposed with the evolution of oxygon and the formation of sodiuml 
hydroxide 2Na30o + 2H2O = 4NaOH + Og , but if the temperature' 
be kept low, hy^ogen peroxide is formed NagOg + 2H2O = 2NaOH’ 
+ HgOg A hydrate, NagOg 8H0O, has been prepared Sodium peroxide 
IS a powerful oxidi2ang agent, and it is used in the laboratory for oxidizing 
purposes and also for decomposing sihcato rocks pnor to analysis Sodium 
peroxide is also used m straw bleachmg, etc 

Potassium tetroxide, KgO^ — ^This oxide is formed as a chrome-yellow 
powder when mctalhc potassium is melted in an atmosphere of nitrogen, 
and the mtrogon is gradually displaced by air or oxygen It is also formed 
when potassium is heated in mtious oxide, NgO If the temperature bo 
smtably regulated, KgOg is said to be formed, but there is some doubt 
about this \yiicn treated _5ath water,„potassium tetroxide forms potas- 
_ .Sl um hy droxide, hydrogen peroxide, and oxygen , ^when lieatedjvithjBgTbon 
monoxide, jjotassmm carbonate .and_oxygen_ ate ^ormed^ K^Oj + 00 
^KTcOg + bg 


§ 6 Spectrum Analysis. 

If there e\er was a flank movement on Nature by whfcli she lias been com 
polled to Burronder a part of her secrete, it was the discovery of the spectro- 
scope, which enables us to peer mto the very heart of Nature R 0 

Kedzib 

Isaac Neivton (1666) proved experimentally that a beam of simlight is 
composed of hght rays of various colours perfectly blended and ranging 
from red through orange, yellow, green, and blue to violet This Newton 
did by passmg tho beam of sunhght tlirough a glass prism, and proicctinc 
the beam on to a screen, Pig 135 Tho violet, green, and blue rays arc 
bent more m passmg through tho prism than the yellow, orange, and rod 
rays The beam of light after passmg through the pnsm thus appears 
on the screen as an unbroken band of colours, which is called a continuous 
spectn^ ^y beam of “ ivhite » light can be used in place of sunlight, 
for iMtance, the light from an mcandcscont solid such as tho hmclirfit 
Welsbach s mantle, moandescont carbon, etc W H Wollaston £18021 
noticed that the beam of sunhghtreally furnished a spectrum ivhioh is crossed 
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by a large number of dark lines — some sharp and well defined, others more 
or less famt and nebulous J von Eraunhofer (1814-15) carefully mapped 
the relative positions of a number of these dark hnes, and aooordingly l^ey 
are now generally oalled Fraunhofer’s lines It was also shown that mean- 
descent vapours and gases fumu^ a discontuiuous or line spectrum, that 
IS, a spectrum composed of a few bright lines instead of a contmuous 
band. The hne spectra of some elements are comparatively Simple, for 
they display but a few clear distinct coloured hnes — t.g sodium a yellow 
hne , thalhum a green hne , indium a blue and an indigo Ime Other 
1 elements have complex qieotra containing numerous hnes of vaiying 
rmtensity — c.gr banum, strontium, iron Kie spectra of some elements, 
^ though complex, are easily recognized b y the promme noe and positio n of 



Fio 135 — ^Newton’s JBvpenment 


prtamjmes— eg the dark red hne of rubidium, the blue hne of 
fcffitium, etc 

It was provisionally assumed that “ F raunhofer’s hn es are due to the 
lack of oertam s^es of colour m the speofiur^of snnhght’^’" ’Thas’lSamSIble 
hypoth^ was tested by L. Foucault in 1849^ “He arranged an experiment 
m which a ray of sunhght was directed by means of lenses on to the glowmg 
gases between the poles of an arc hght uhioh alone gave a spectrum with 
two yellw hnes very promment The mixed hght was passed through a 
pnsm. Foucault expected the l acun a m the solar ^cctrum corresponding 
TOth the yellow hnes of the gloivmg gases m the arc hght Mould be filled 
by the latter , and that the yellow portion of the solar spectrum would bo 
contmuous To his astonishment, the reversed or dark lines of the solar 
qieotr™ corr^ponding with the bnght yellow hnes were more pronounced 
than before Hence the prehimnaiy hypothesis cannot be true 

hypothesis that " the mcandesoeat cases 
“Jii® «“JigitJ?avejthe power jif absorbmg the yellow from bue^^, as 
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nreU aa of omittmc yellow light ^The.moreas? m the„darlmoss pf^theso^ 
Imei lilirethw obsorbmi power being greater Jban the 
Fou^^llIlt focussed the hght from an moandescent 

a contmuous speoUn-^n to the ^‘’‘^"descent g^^ betwc^^^^ 
Lbon poles Instead of gettmg the contmuo^ of i 

descent carbon with yellow hnes enhanced by the 
between the carbon poles, Foucault obtained a 

lines in the yeUow portion Tins experunent supported his hypothesis, 
and hod Foucault known that the yellow lines were due to sodmm 1 
would have recognized tlie origin of ^unhofer s hues ^is stop was 
taken by G Stokes, 1862 In 1869 R Bunsen and G Kirclihoff definitely 
settled toe question The subsequent history of spectrum analysis is but 
an lUustration of toe fact that once the right explanation of a phenomenon 
18 found, the facta seem to arrange themselves about t^ theo^ as 
naturaUy as the particles of a salt in a solution aggregate about toe 

enlarging nucleus of a crystal . . j i. 

Bunsen and KirohhofE proved thatfevery element produc^ its own 
characteristic spectrum , and recipro^ly, the presence of the vapour 
of an element can be mferred with certamty when the charactenstic 
lines are present ) The spectrum of the mcandescont vapour of a mixtim 
of elements contams all the hues charactenstic of each element in the 
mixture, and consequently it is possible to rccogmzo each and all of them 
by measuring the position of the bright Imca and comparing top lines 
with those of known elements This method of detecting elements ifi 
called spectrum analysis Bunsen and Kirohlioff were able to prove that 
the dark Fraunhofer’s Imes are due to the rays of hght from an incandescent 
sohd passmg through vapours of various elements In other words, 
Fraunhofer’s hnes are duo to the rays of light from an mcandescont sun 
passmg through the sun’s atmosphere, and consequently the vapours of 
the elements whoso hne spectra correspond with the dark hnes of the solai 
spectrum must be present m the son’s atmosphere 

By the aid of spectrum analysis, therefore, it has been possible tc 
deduce the presence of a largo number of knoira elements — some 34 — ^in 
toe sun’s atmosphere from toe oomcidonce of the bnght hnes furnished 
by elements m the laboratory with the dark hnes m the solor spectrum, 
Tlie halogen elements, mtrogen, oxygen, gold, mercury, and a few other 
elements, have not been detected in the sun The spectrum of an unknown 
element — ^helium — ^was observed m the solar spcctram some thirty yeaw 
before the corresponding element was discovered m the earth The light 
from the fixed stars furmshes results similar to those obtamed with sun 
hght The hnes of hydrogen, hehum, carbon, magnesium, calcium, and 
iron have been detected m nebulae, and hydrogen and hydrocarbom 
have been recognized m comets 

The spectroscope — Quite a large number of mstruments have been 
devised for the exammation of the spectra of different substances The 
so-called direct vision spectroscopes have a sht at one end to admit th< 
. hght under exammation The sht can be narrowed or widened by tummg 
a smtable screw The beam of hght passes from the sht through a prism, 
and IS thence directed to the eye piece where it is exammed 

The spectra of solids and liquids —Sohds and hquids must be 
vaponzed before their spectra can be exammed It is often sufficient tc 
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introduoe salts of the elements into a non luminous Bunsen’s flame by 
means of a clean platinum niro The flame spectrum is then o^animcd 
by means of the spectroscope This method is satisfactory pronded there 
IS plenty of material, and the salt volatilizes and dissociates m the flame 
If the substance is not volatilized in tlie Bunsen’s flame, or if but a minute 
quantity of the substance is available, it is best to use a spuk jspectrum 
obtamed in the folloivmg manner — duo to Delachancl and”lMormot A 

i test tube, Fig 136, has a platinum terminal fused into the bottom to servo 
as one electrode , a cork in the mouth of the test-tube supports a glass 
tube pierced ivith a platinum mre to servo ns the other electrode Tlie 
^height of the solution in the test-tube is arranged so that a certam portion 
Arises by c apillarity and fills a central cavity in the glass tube holding the 
"* ft lower electrode When the cup is full, 

n every time a spark passes a very minute 
portion of the solution is vaporized, no 
material is lost, and the uniformity of 
the volatihzntion mth each spark pemiits 
continuous observations 

The spectra of gases — ^Tlio spectrum 
of a gas IS obtamed by scaling the gas m 
a tube. Fig 137, while the gas is under 
a reduced pressure Each end of the 
tube has a platmum vnro scaled into it, 
and these wires aie jiut in communication 
with an induction coil Wien a senes of 
sparks are passed thiougli the gas, the 
gas becomes uicandesccnt, particularly' m 
the narrowed portion of the tube, and 
the oharaoteristic spectrum for that par- 
ticular gas IS obtained 

It might be added that the spectrum 
of a gas depends partly upon the pressttre 
under which tlie gas is confined At 
small pressures, spectra with broad bands 
arc obtained As the pressure is mcrcosed, 
” new series of lines arise which only existed in germ at lower pressures ” , 
the bonds give way to lines, and finally a contmuous band of hght is 
obtamed correspondmg with the pure spectrum. The character of the 
lines also depends upon the iemperalure under which the gas or vapour is 
exammed Sodium m a Bunsen’s flame, for instance, gives one well defined 
yellow hne which is really compounded of two yellow hues, but at 
higher temperatures, three other pairs of lines make their appearance 
Absorption spectra — Some substances absorb certain colours and 
I transmit others If coloured solutions aie exammed by the spectroscope 
fillummated by the light of an incandescent solid transmitted through 
^the solution, a senes of dark bands or hnes called absorption spectra 
tare obtamed. A number of solutions have veiy characteristic absorption 
t spectra — eg blood, didymium olilonde, copper sulphate, potassium 
S chromate, potassium permanganate, potassium diohromate, etc 

The dehcacy of spectrum analysis — ^Tho spectroscope is one of the 
most delicate means of dctoctmg many substances, and it enables elements 


Fio 136 — 
Spootram Tube 
Liquids 


Fio 137 — 
Sjiectrum Tube 
Gases 
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to bo recognized with certainty ivhon present m quantities far too small 
to produce an appreciable effect upon the most sensitive reagents knoira 
Thus 1 c c of air contauis apprommately 0 0001 e c of neon, and the neon 
m ^0 c 0 of ordinary air, that is, 0 000006 c c of neon has been detected 
by means of the spectroscope By means of the spectroscope also it is 
possible to detect the presence of 0 00006 milhgram of strontium and of 
calcium , 0 00001 milligram of lithium , and 0 0000003 milbgram of sodium 
It IB not likely that rubidium and ctesium would have been discovered 
so soon had it not been for their striking spectra Thallium, indium, and 
galhum were also discovered by the aid of the spectroscope 


§ 7 Lithium, Rubidium, and Caesium 

Lithium, Li — ^The three elements — ^hthium, rubidium, and ciesium — ■ 
are related to potassium and sodium Lithium was discovered by A 
Arfvedson, m 1817 The name lithium is denved from the Greek \l0eos 
(htheos), stouy, because it was beheved, at the time of its discovery, that 
its presence was confined to the mineral kingdom Lithium is mdely 
distributed m small quantities It occurs m a number of minerals, 
lepidolife, or hthiamica, contains up to about 6 per cent of hthia , spodu- 
1716716 — liioO AI2O3 4Si0^^up to about 6 per cent , and petahte has up to 
about 3 per cent of hthia Lithium has been detected in sea water and 
in most sprmg and river w-aters W A Miller (1864) has reported 0 37 
gram per htre in the water of a mine at Redruth (Cornwall) Lithium 
has also been detected in the ash of many plants — ^tobacco, sugar cane, 
etc , in_the ash of milk, blood, etc , and also in a number of meteorites 
““To eirtract htluum, the powdered mineral is calcined with a mixture 
of am monium chloride and calcium carbpnate The aqueous extract is 
treated witn nydrbcliloric aoid*ana 'evaporated to dryness The litluum 
chloride is extracted with amyl alcohol or pyridine in which the hthium 
chloride is fairly soluble 

When the solution of the cliloiide is treated with ammonium carbonate,* 
lithium carbonate, LuCOj, is precipitated Lithium carbonate, unhko^ 
the other alkalmo carbonates, is decomposed at a high temperature, and in^ 
this respect resembles the carbonates of the alkalme earths The mctal^ 
IS made by the electrolysis of the fused chlonde The metal resembles, 
sodium and potassium It decomposes water, but the hydrogen does not? 
i^ite even if the water be boihng \!tTicn heated in an, the metal formsj 
litluum nionoxide, or hthia, L13O, but it does not readily form a lughcri 

hydrogen at a red heat, fon^ing 4 

lithium hyihide, LiH , ivith nitiogcn it forms lithium nitride Li 

phosphate, unlike the other alkahne^ 
^rbonates and phosphates, are but sparingly soluble in water Lithium' 
salts are sonmtimes used in the treatment of diseases due to uno and'' 
poisonmg R Bunsen and A Matthiessen prepared 
quantities of metalhc hthium, in 1855, by tlm electrolysis ofllic fusS^ 
chlonde, many others ap^ar to have obtained the metal lAfote 1855 
but m quantities too small for examination ’ 

40 to»3 of fho water. ..d 
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wth ammonium carbonate The filtrate showed the spectral hnos of 
sodium, potassium, and lithium, “ and besides those, two splendid blue 
hues ” near to the blue strontium hne Bunsen and Kirchhoff add 

As no elementary body produces two blue bnes m this portion of the spectrum, 
we may consider the existenoo of this luthorto unknown alkahno element was 
thus placed beyond doubt The faoihly with which a few thousandths of a 
tmlhgram of this body may be recognised by the bright blue light of its incandes 
cent vapour, eien when mixed with largo quantities of more common alkalies, 
has mduced us to propose for it the name ixcsium (and the symbol Cs), derived 
^m the Latm c'catus, used to designate the blue of the clear sky 

Agam, on extracting the alkahes from lepidohte (Saxony) and washing 
the precipitate obtamed by treatmg the solution of the alkahes with 
hydroohloroplatmic acid mth boilmg water a number of times, the residue 
finally gives “ two splendid violet Imes ” between those due to strontium 
and to potassium, as well as a number of other hues m the red, yeUow, 
and green portions of the spectrum Bunsen and Kirchholf say 

None of these Imes belong to any previously known body Amongst them 
are two which ore particulany remarkable in lymg beyond Fraunhofer’s Ime 
m the outermost portion of the red solar spectrum Hence we propose for this 
new metal the name rubidium (and the symbol Rb), from the Latin rubidue, 
which was used to express the darkest red colour 

Compounds of the two elements are so hke those of potassium that they 
cannot be distmguished from that element by the ordinary tests. The 
only satisfactory means of detecting the two elements is by spectrum 
analysis Rub id ium a nd csesium occur together in lepidohto,,m camalhto, 
and in some porphynes Lepidobto does not contam a quarter per cent. 
oTrubidia, while camaUite may contam up to 4 per cent of rubidia They 
also occur in many mmeral waters, m sea wato, m the ashes of plants 
The mineral poUitx — csesiuiU aluminosihcate — oontams the equivalent of 
some 34 per cent of osesia Othennse both elements occur m very small 
quantities, and somewhat ivideiy diffused m nature If present in a mineral, 
both elements will be found inth the alkahes after separatmg the other 
elements ivith ammomiun carbonate, etc The residue when treated ivith 
hydroohloroplatmic acid famishes the chloroplatinates of the alkahes. The 
} sodium salt can be remo\ ed by washmg with alcohol The three re maining 
' elements — ^potassium, rabidium, and caesium — can be separated by takmg 
^advantage of the difference m the solubihties of their alums (see " Alums ”) 
UOO 0 c of water at 17® dissolve 0 62 gram of caesium alum , 2 27 grams of 
rabidium alum , and 13 5 grams of potassium alum In passing, it may 
',,be mentioned that the same amount of water dissolves 61 grams of sodium 
'alum The chlorostannates — ^RbaSnClj and CsjSnClj — are much less 
j soluble m water than the oorrespondmg potassium salt, and hence rubi* 
■dinm and caesium can be separate from potassium by convertmg the salts 
linto chlorostannates. Caesium can be separated from rubidium by treat- 
jment with antimony tnohlonde The caesium salt 2CsCl SbClg is pro 
’cipitated, while the oorrespondmg rubidium salt is soluble m watei 

In connection with caesium, it is intorestmg to note that C F Flattner, in 
1846, was not able to make his analysis of the mmeral pollux (from Elba) add Up 
to loo per Cent After Bunsen had discovered oansium, P Pisiani (1884) shoued 
that Flattner had mistaken caesium (atomic weight 132 8) for potassium (atomio 
weight 391) By making the corresponding correction, Plattner’s analysis vos 
found to be qmte satisfactoiy. To make this quite clear, suppose that B grama 
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of a oompotind, supposed to bo potassium ohlonde, are obtained This Trail bo 
multiplied by 0 631 to get the equivalent amount, 3 16 grams of KsO , but if the 
compound be CsCl, not KQ, then the weight must be multiphed by 0 836 to get 
the correspondmg amount, 418 grams of Cs«0 The analysis would thus appear 
to be 4 18 less 3 16, that is 1 02 grams too low if the 6 grams of ooisimn ohlonde 
were mistoken for potassium clilonde This is a remarkable tnbute to the 
accuracy of Flattner’s analysis 

Metallic rubidium is prepared by heatmg an intimate mixture of the | 
carbonate Tvith finely divided carbon, metalbo ciesium is prepared by| 
heatmg the hydroxide with magnesium, or by electrolyzmg a fused mixture | 
of csBSium and barium oyamdes Tlie banum oyamde is added to make | 
the mixture more fusible Both metals have been obtained by heating | 
the chlorides with calcium in exhausted tubes The metals, their oxides F 
and their salts, are closely km to the salts of potassium and sodium The f 
tendency of rubidium and csesium to form polyhahdes is characteristic. ^ 

3 ? > - 

§ 8 The Relations between the Alkali Metals. 

The five elements, hthmm, sodium, potassium, rubidium, and ctesium,! 
Called the alkah metals, exhibit an interesting gr^ation m the properties' 
of the elements and their compounds in accord with the increase m their* 
atomic weights, from member to member, m passing from Hthmm toV 
caesium The metals are silvery white, soft enough to be cut with a knife, ( 
rapidly tarnish m air, and decompose water at ordmaty tompcratuies 
The lowest temperature at which the action of the different metals on water £ 
can be detected is —98“ for sodium, —106® for potassium, —108° for| 
rubidium, and —116° for caesium The elements are all univalent, ondl 
manifest a remarkable affinity for oxygen , ooesium and rubidium igmte^ 
spontaneously if placed m dry oxygen at the room temperature Sodium | 
and hthium, though compatible with the other members of the family, have^ 
feebler affinities The chemical activity of the alkali metals appears tof 
mcreaae steadily m possmg from hthium to caesium The gradation in the- 
physical properties is illustrated m Table XXTT, 


Tasi^e XXn — Phybioai. PaorEnxiEB or the Aleaei Metaes 



Lithium 

Sodiumi 

Potassium 

1 

Bubidium 

Coisium 

Atomio weight 

Specific gravity 
Atomic volume 
Moltmg point 

Boilmg point 

Specific heat at 0” 
Ooefficient expansion 
Heat of fusion (cals ) 

6 04 

0 634 
131 
180® 
+ 1400® 
0 041 

23 00 

0 9723 

23 7 

97 6® 

877 6® 

0 2811 

0 000274 
27 21 

30 10 

0 869 

45 4 

66 6® 

767“ 

0 1728 

0 000282 
14 67 

86 46 

1 626 

66 8 

39® 

696® 

0 0802 

0 000338 
6 144 

132 81 

1 903 

71 0 

28 6® 

670® 

0 0622 

0 000346 
3 766 


The elements have a remarkably low specific gravity, and a high atomic f 
volume (g V ) The oxides and hydroxides are markedly basic , they do not I' 
exhibit acidic quahties The physical properties of the salts— solubihtv f 
m water, molecular volume, optical properties, and the variation m thei 
form of the o^tals Jow the same order of vanation as the atomic weichts [ 
of the elements Lithium differs m many respects from the other members f 
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I of the familj The salts of the alkali metals — ^nitrates, chlondes, sulphides, 
(sulphates, phosphates, carbonates, etc — are nearly all soluble in water, 
^although lithium, carbonate, phosphate, and duonde are very much less 
{ soluble than the corresponding salts of the other members And m this 
^respect, hthium resembles the members of the calcium family, and it thus 
I forms a oonneotmg or bndge element between the alkalies and alkalme 
* earths The alkali sulphates form isomorphous characteristic alums (av), 
‘'but lithium alum appears to be so soluble that it has not yet been crystallized. 
^The modes of crystallization of sodium and potassium sulphates and car- 
, bonates are worth notmg lathium carbonate is spanngly soluble m water, 
; sodium carbonate is not deliquescent, the others are ^e salts of sodium 
1 and lithium form stable hydrates with water, whereas potassium, rubidium, 
fand csesinm salts are nearly all anhydrous Sodium resembles hthium m 
(the solnbihfy of its ohloroplatmate, acid tartrate, and alum so much so 
(that the alkali metals are sometimes divided mto two classes (1) those 
{with spanngly soluble chloroplatinates — viz potassium, rubidium, and 
fcaesium, and (2) those with soluble chloroplatmates — vir sodium and 
llitliium ( 

I- / 

'■ ' § 9 Atomic Volume, 

A connection frequently exists between physical and chemical properties, and 
m many cases recourse must be had to both for on explanation of a phono 
menon to winch they may each contribute — C L Bebtheujt (1803) 

The quotient obtamed by dividmg the atomi c weig ht of an element 
by its SREffl^^vit^ m the sohd condition is called the atomic volume 
of the element Consequently, tiie atomic volume represents the 
nmnber of jmbic centimetote o^roiipied by an amount of die element 



Atomic iveigfjts 

Fio 138 —Eolation between Atomic Volumes and Atomic Weights 


Tho magmtnde of the 

aioimo voW^hus co^ponds looseness of texture or porosity, 

so to speak, of the solid element Cunoualy enough, when the atomic 
volumes of the elements are plotted with the atomic weights, a nenodio 
curve showing a number of maximum and minimum points is obtamed, 
as illustrated m Eig 138 The atomio volume, for instance, decreases m 
passmg from htlnum to boron, after winch it moreases tlirounh carbon, 
oxygen, and fluorine to sodium, when it agam decreases through maffuesium 
down to alunumum, and thence mereases to potassium Thus ^e curve 
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passes down and up time and again A similar curve was obtamed m Fig 
106 for the heats of formation of the cldondes Certain portions of the 
curve are incomplete owing to the lack of data 

The elements boron, al umin ium, cobalt and nickel, rhodium, 6tc,j 
occupy the troughs of the curve, while the alkali metals occupy the crests? 
of the curve, thus corresponding with the fact that these elements have the| 
laigest atomic volumes, or the largest spaces between the atoms Pre- j 
Bumably, the spaces between the atoms of these solid elements are relatively I 
large compared with the size of the atoms themselves Tins is often taken | 
to mean that the constituent particles of these elements approximate more | 
nearly to the condition of the x>articles of a gas than other elements with? 
small atomic volumes Accordmg to D I Mendeldeff, the chemical | 
activity of the alkali metals is due to this circumstance , and this assump- 1 
tion IS m agreement with the observed mcrease m the chemical activity of t 
these elements m passmg from lithium to ctesium | 

The atoms of a solid probably do not touch one another, and the volume * 
of a solid thus mcludes (1) the size of the atoms as well as (2) the spacesf 
between the atoms of the molecule, and (3) the spaces between the mole-t 
cules It IS not at present possible to distmguish clearly between thef 
effects of these factors 


Questions 

1 tVliat IS meant by a normal solution ol nn acid ’ How mnnv c c o£ a 
normal solution o£ hydroclilonc acid would bo required to neutralize 1 6 crammes 
of potassium hydroxide i — Aberdeen t/ntv 

2 Define the following terms (1) Equivalent of nn element, (2) equivalent 

Umvem^^^S^A gram molecule, (5) normal solution — Princeton 

“ meant by the atomic volume of a sulMtancc J How is it deter- 
mmed 1— Science and Art Dept 

4 what mmerols are the salts of potassium prepared and where do tliov 

“ ^tassiura nitrate prepared from xwtassium chloride T How 

j potassium m a mixture of calcium, sodium, and 

potassium chlorides ? — Aberdeen Umv 

oases of chemical change in which the infiuence of 
mass is evident as a factor m the operation — London Umv 

tho chief forms in which calcium carhonato is found 
i wo slal^ed. mixed to a paste with water, and added to an 

(Ca = 40 , = 

yon\aJosLn~^SrUnlv appearance of any spectrum which 

hthfuiJchlonde Sre^orS™^^ preparation of 

rasemble or differ from corresponding denxatwcs of^ier afkal! metaTs ?3or3 o/ 

would^rcSe” toTijpfn who^S^faSm 

mixed mth an aqueous sShitiou of a potaLura salt 

excess of sodium carbonate How much caustic sodnTa^f water, and added to an 
n Howis potassium chloride conve^^mto «« 

chlorate? Starting from carnallue. the double 

TXitasaium. show hnoflv tirira -v.a4.„i ® cniondo of magnesium and 


alwe earths ?_£7ape Umv ^ ™ the metila of tho 


lines 
alkaline 



CHAPTER XX 


EliECTWaAL Eneest 

§ 1 Electrochemical Senes of the Elements. 

Metaluo magnesium will displace hydrogen from dilute acids Mg 
+ HaS 04 = MgSO^ + Hj , or m the language of the lomo hypothesis 
Mg + 2H + SO/ = Mg + SO/ + Hj Magnesium will also precipi- 
tate zano from a solution of a zmc salt Mg + ZnSO^ = hlgSO^ -|- Zn , 
or in terms of the ionic hypothesis Mg + Zn + SO/ = Mg -4- SO/ 
[- Zn. Zmc m turn will precipitate iron from iron salts , iron will preoipi- 
ate copper from copper salts , copper will precipitate silver from silver 
alts, etc By treatmg the metals m this manner, it has been found possible 
o arrange them m a senes such that any metal m the list will usually dis 
iloce those which follow it, and be displaced by those which precede it, thus 

ilg A1 Mn Zn Cd Fe Co Ni Sn Pb Bi etc 

Again, when zinc is treated with dilute acids under smtablo conditions 
n a voltaic cell (Fig 3), so os to ehmmate disturbmg ofFcots, the reaction 
iroduces an electnc current at a cortam voltage j/U the zmc be replaced 
)y some metals — alumimum, magnesium, etc — ^the voltage of the cell 
B increased , and conversely, if the zmc bo replaced by other metals — 
ladnuum, iron, cobalt, etc — ^the voltage of the cell is diminished It is 
bus possible to arrange the elements in a senes representmg the potential 
Ufierence m volts which is developed between the metals and solutions of 
heir salts. 

The order here is virtually the same as the above list sbowmg the 
irder m which the elements displace one another from their salts The 
ist of the elements so arranged is called the electrochemical senes 
^more complete hst is mdicated in Table XXIIl 

The order may vary a httle with different eolations , secondary re- 
Lctions may prevent the precipitation of the metaL In many oases, the dis 
ilacement is so complete that the reaction is employed m quantitative 
malysis ( ^e further apart the metals m the senes, the greater the amount 
if heat hberated when the displacement occum, e g when zmc premTU- 
ates silver more heat is evolved than when it precipitat es tm " Similar 
emarks apply, mutatis mulandts, to the speed of precipitation 1 A similar 
able wordd be obtamed if the elements were arranged in the order of 
iheir chemcal activity iij Thus, the earher.memhers on the list "oxidizer 
■uil on "exposure "tp,'the air , oxides of jfche metals pucceedmg manganese 
ire_reduo^ to metols, yhen heated’uTa stream of hydrogen, wliilo'"lhe 
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metals which precede manganese, under the 
same ' 'conditidn'&, ma y ho reduced to lower { 
oxides^lffutTiot to'tlio mefiillio^ondition rThejfj! 
oxides of tlidmolals ihorcuiy to osmiunTmay bd 4 
decomposed hy simply heating ''('The metals] : 
preceding hydrogen on the hst can ^vo hydrogen? 
when treat^ with acids, although secondaiy? 
actions may simultaneously lead to iho forma- 
tion of some product other than hydrogen.* ^ The' /<’ 
metals succeedmg hydrogen do not usually dis-^ 
place hydrogen from the acids. ^ With the' 
possible exception of tin and lead (metals close , 'j. 
to hydrogen) the free elements are rarely, if ever,' 
found m nature excepting possibly in meteorites * 
Tins arises from the fact that natural waters’ 
containmg oarbomc and other acids m solution 
attack these metals , consequently, even if 
these elements were produced by subterranean, 
agents — volcamc or otherwise — ^they must sup-’ 
oumb to attack by natural waters 

It will be noticed that the senes only refers 
to the action of the free elements, and it has 
no direct reference to ihe mutual action of 
compounds of the elements upon one another 
The order of the elements ui the electro- 
chemical scries depends to some extent upon the 
temperature as well as on the nature and con- 
centration of the electiolyte For example, 
zme and copper behave m what appears to be 
an abnormal manner in the presence of potas 
Slum cyamde Thus copper and non otII pre- 
cipitate zmo from potassium zmo cyamde, 
whereas zme will precipitate copper from copper 
sulphate , and iron from neutral ferrous sul- 
phate Agam, silver ■will displace hydrogen 
from aqueous hydnodic acid , copper wall pre- 
cipitate mokel from sodium mckel chlondo, 
and platinum will hberate hydrogen from 
aqueous solutions of potassium cyanide 
f Electro-affinity —The idea has been ex- 
pressed another way. It is assumed that the 
ions hold their charges -with different degrees of 
tenacity The ions— K , Na , NO 3 ', Cl', etc 
—which hold their charges very tenaciously, 
are called strong ions and 10 ns— Hg * Ac 
OH , , etc ^which readily lose their charge, 

are called weak ions. The degiee of tenaorty 
mth wlMh the ions of an element hold their 
chaiges has been called the electro afinuty of 
the client Ions ivith strong electro aflinitv , 
ore difficult to picparc in a free state, and 
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Tibub XXIII — Electbo- 
cnsMiOAi. Series oi 
THE Ei fmeets 


' Cassium , 

Rubidium 


Potassium 


Sodium 


Lithium 


Barium 


Strontium 


Calcium 


hlagncsium 


Alumimum 


Chromium 


Manganese 


Zinc 


Cadmium 


Iron 

£ 

Cobalt 

42 

Nickel 

is 

Tin 


Lead 

<» 

Hydrogen 


Antimony 


Bismuth 


Arsoiuc 


Copper 


Mercury 


Silvoi 


Palladium 


PJatmum 


Gold 


Indium 


Rhodium , 


Osmium / 


Silicon 


Carbon : 


Boron i 


Nitrogen I 


Selcmum 1 


Phosphorus 1 

•5 

0 

Sulphur 

s 

Iodine 

a 

Biommo 

il 

Chlonne 

*» 

Oxygen 


Fluonno 
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conversely If an element mtli a strong electro afiSnity comes in contact 
■with the ion of an element ivitli a weak electro affiml^’i tUe charge on the 
latter passes over to the former Thus, zmo h®8 a stronger electro affimty 
than copjKjr, and, m consequence, as indicated abov e, zme will precipitate 
copper from solutions of its salts Zn + Cu = Zn + Cu Zme also has 

i a stronger electro affimty than hydrogen, and consequently zinc dissolves 
in dilute acids mth the evolution of hydrogen Zn + 2H = Zn + Hj 
Similarly, chlonne has a stronger electro afiuutj’’ than bromine, and bromine 
a stronger electro affimty than lodmo In consequence, chlonne will dis- 
place bromine from aqueous solutions of the bromides Cl^ 2K -f- 2Br' 
2K + 2Cr + Br., , and bromine will displace lodme from the iodides 
Br_ + 2K -f2I'?:i2K + 2Br' -f L 

S 2 Solution Pressure — Contact Differences of Potential 

^ Eioiy metal, except, of course, the lost in the senes, ivill displace 
those that succeed it in the oleotrochomical senes, and it is mferred as an 
hypothesis that each of these metals has a tendency to become lomo This 
tendency is h3rpothetioally regarded as a solution pressure which dnves the 
ions of the metals mto solution This pressure must be greatest with the 
metals at the ciesium end, and least with the metals at the osmium end of 
the series Conversely, the tendency of positive metal ions m solution to 
reprecipitate on the negatne electrode must be least at the offisium, end 
of the senes, and greatest at the osmium end The lomc hypothesis 
i assumes that this back or Reposition pressure represents the osmotic 
I pressure of the ions 

Tlic dissolution or lomzation of a metal has been compared with 
the tendency of different liqmds to \aponze at any given temperature 
Just is a hqmd m a closed vessel inll eiaporato imtil the number of mole 
cules Icavmg the surface of the liquid m a given tune is equal to tho 
^number of molecules returmng to the hqmd, so W Nemsfc (1889) has sug- 
gested that a metal when placed m contact inth water, or any other solvent, 
sends positively charged ions mto the solvent, and itself acqmres a negative 
charge Tliejomzation of tho metal, so to speak, is supposed to contmuo 
until the concentration of the mctalhc ions m tho hqmd has attorned a 
certam va lue when .a state of equihbnnm ensues The number of ions 
passing into tho solution is then equal to the number roprecipitated on tho 
rarface o| the metal Direct proof of the presence of iron ions m purified 
water which has been m contact with the higlily punfied iron is wanting 
Tho evidence is mdirect, or rather hypothetical 

AMien zinc is immersed in dilute hydrochloric acid, the H ions which 
^come in contact with the zme plate lose their charge, and positively charged 
izmc ions pass mto solution If a stick of metallic zmo be dipped m a 
fsaturated solution of zmo sulphate, the solution and deposition pressures 
|are balanced, and no notion occurs , but if a stick of mctalhc zmo be placed 
in a dilute, say normal, solution of zmo sulphate, the solution pressure 
I IS greater than the deposition pressure, and positively charged zmo ions 
I pass from the zmo rod mto the solution In consequence, the zmo acquires 
, a negative charge, and the solution a positive charge, m agreement with 
ithe fact that zme usually acqmres a negative charge when Immersed in 
' a solution of its own salt. Similar remarks apply to aluinmium, iruta, oto 
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Conversdy, if the solution pressure be less than the deposition pressure^ 
of the ions, as appears to be the case mth a stick of metallic copper? 
immersed m a solution of copper sulphate, copper ions will be deposited f 
on the metal, and the solution will acquire a negative charge while thet 
metal acquires a positive charge This also appears to be the case with-' 
the metals silver, mercury, etc 

The electrical effect, or the contact difference of potential, produced 
when the diSerent metals are immersed m a normal solution of their suI* 
phates has been measured. A few of the results are here mdicated . 


Magnesiom 

Zinc 

Cadmium 

Hjdrogen 

Copper 

Silver 


-1 214 
-VO-49'5 
—0-141 
0 

— O-bOb 
-I OIS 



Fic 139 — ^Darnell’s Cell 
(Diagrammatic) 


The ‘ - 7 - 0 493 ” opposite zme means that if mctaUic zme be immersed f 
m a normal solution of zinc sulphate, the solution will acquire a positi\ c 1 
charge, and the metal a negative chaise ; and the difference of potential * 
between the solution and the metal iviU be 0 493 volt With metalhc- 
copper and a solution of copper sulphate, the 
solution will be charged negatively and the. 
copper positively such that the difference of' 
potential between the solution and the metal' 
will be 0 606 volt 

Jj^a normal solution of copper sulphate be 
fcepai'*ted by a porous partition. Fig 139, 
from a normal solution of zinc sulphate, and 
if a rod of c . ^ mmersed m the copper 
sulphate be '» i-1 til by a wire with a rod 
of zme immersec ■*«. the zme sulphate (Fig. 139), 
the zme pole on the nght of the diagram 
acqmrK a negative chaige on account of the departure of positively 
chaigedions from its surface, and the copper pole on the left acquir^ 
a positive charge on account of the departure of negativelv charced 
copper ions fr^ its surface In consequence, an electrical current wll 
flow t^gh the connechng wire from the positively to the necatively 
c^rged prfe and pass in th** converse dnection through the hqmi This 
^on contmues until all the zme is dissolved or aU the copper precipitated, 
^e relatiTC solution pressur^ of the two metals decide the magnitude 
T^ta^Iectromotive force of the current, and this is the di^rence 
^ the two effects ^e result ant electromotive force forthe zme copper 
couple just desenbed is -f 0 493 - ( - 0 606) = 0 493 -i- 0 fiOfi 

combma^n j^ described represents the so called Daniell’s 
cell (1836) In reality the Daniell s cell contains the zine rd -n-.fK ii, 
zme sulphate solution m a porous pot and the codtkt 
sulphate solution m the su^undi^g Vfi SSS b.^ 
an uncharged ceU m Fig 140 There are ' the dr^g of 

DameU’s ceU , and numerous other types of cefl wJ«i 

and different solutions ™ different poles ” 

The quantity of electncity produced depends unon tVio t. t 
conned s te) , «.a tic ntte *vdo^' 
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^tho BtrongUi of the ourrent — depends upon the rate at which the zmo 

IS consumed m the cell The difference of polenhal caimot excefed 1 099 
volts for the given solutions If the term ampere be employed to re 
present a current eqmvalent to one coulomb per second, the product of 
the number of pmperes mto the number of volts gives the fate of produo 
tion of elcctncity or by the cell 

ExAJipnE — ^The eleotroljais of 30 6 grams of hydroohlono noid requires 06,640 
coulombs of olectncitj at 1 31 ^ olts Hence the eleotrioal energy needed for 
this work IS 00,640 X 1 31 = 120,607 umts, or, deflnmg a joule as the umt of 
electrical energy consumed per second by a current of one ampere workmg against 
a resistance of one ohm (joules = volts x coulombs) the electno energy needed 
to decompose 80 6 grams of hydroohlono aoid is 126,607 joules 

Although the difference of potential of a given cell, say a Darnell’s 
cell, IS not affected by variations m the size or shape of the poles, or upon 
, the quantity of hqmd in the cells, the difference of potential is altered by 
ohangmg the concentration of the solutions In general, the difference of 
potential between a metal and a solution of one of its salts is greater ivith 
mcreasmg dilution. A tenth normal solution of zmo sulphate, for instance, 



will give a difference of potential of 0 651 volt, whereas WtJi ^ normal 
solution a potential difference of 0 493 volt is obtemed as indicated above 
If two rods of zme be separWly placed in a solution of sulphate, 
the difference of potential in both “ tends ” to dnve an e][eotn6 ourrent 
from the metal to the solution with a pressuie of 0 493 volt ’ if both rods 
be jomed by a wire, no electric ourrent iwU flow because Mie two equal 
forces are oppositely directed On the other hand, if th^ zmo rods bo 
dipped m solutions of a different concentration, the two ooKtaot differences 
of potential will be diffm*nt, and an electnc ourrent vnJi flow from the 
Concentrated solution to the dilute solution outside thrf cell as mdiOaied 
in Eig 141 Here a normal solution of zmo chlorid^^ siipposed to bo 
placed in one vessel. A, and a deomormal solution of/zmo nhl nrulp. m the 
other vessel B Zmo rods connected by a copper wifre and galvanometer 
are dipped mto the solutions, as illustrated m the yiia f^m and the tuo 
c^ are connected by a ig^hon tube S The diffEoe of potential of 
the zmo in the nonml solution is + 0 493, and m ihe more dilute solu- 
tion + 0 651 volt Hence an electno current tends fto pass from the metal 
to the dfluto solution Avith a force of + 0 651 volt, Ud fiom the metal to 
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the concentrated solution with a force of 0 493 The resultant pressure 
IS therefore 0 551 — 0 493 = 0 OoS volt, and this represents the electro- 
motive force of the combination Celb in which the electromotive force 
IS generated by the difference potential of two plates immersed in solutions 
o f the same salt at different concentrations are called concentration cells 
The cheimcal action which occurs in the two cells tends to bnng the two 
solutions to the same concentration. The action is made clear by the experi- 
ment illustrated m Fig 142 A layer of a coneentiated solution of stannous 
chlonde, about 10 cm deep, is placed at the bottom of a cyhndcr, and above 
this a layer of a dilute solution. A rod of metalhc tin is fixed through a 
hole m the cork so that it is suspended axially m the hquid in the (g-lmdcr 
The rod of tm thus represents both electrodes and connecting wire of a 
concentration cell 15n is dissolved by the more dilute solution, and pre- 
cipitated from the more concentrated eolation The diagram illustrates 
the appearance of the rod of tm after the vessel has stood a couple of days. 

There is another interestrag feature about a concentration cell If anJ 
external electromotive force be apphed so as to force an electnc current to* 
pass in a reverse direction to that which the com- 
bination normally famishes when it is employed 
as a voltaic cell, the chemical actions will be 
- reversed, and the difference m the concentration 
of the two solutions will be augmented Such 
comhmations are called reversible cells m con- 
tradistinction to irreversible cells in which the ^ 


PSatt 


SeUiUm 



142 — Expenment on 
Conop-itrption Cells 


onginal condition cannot be restored by sendimg 
a current through the cell m a reverse direction 
to the enrrent normally dehvered by the cell 
The cell illustrated m Fig 3 is an itrevereible 
cell , Darnell s cell. Fig 140, and the concentra- 
tion cell. Fig 141, are reversible cells 

Couples — If metalhc zme dissolvmg in, say. r 
dilute sulphunc acid, be in contact with a piece of , 
copper or platmum the rate of dissolution of the 
zinc IB aug^ted The combmation is really a smaU galvamc ccU with zinc, 
electrodes connected together hv metallic contact Much 
of hydrogen IS evolved from the surface of the platinum as mi^the ex- 
pect^fromthedescnptionofFig 3 Such a combmation is called^a W. 

Sacnfiaal metals — ^hayeseen that anvmetal in the electrochemmal 
senes can be made one plate of a cell again-^t a metal lower dorni in the 
instance, can be made the positive plate against a Jga- 
tive plate of iron, tm, lead, etc , and iron the positive plate n. 

negative plate of tin, lead etc The further apLt the demLtf^he 

■? '"‘h both the 


profectmg surface of ^ unde"! ^ 

takes place mote rapidly than if the nnderlying iron, rustmg 

^ ontotJhea^ 
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surface of thm iron plates — galmmzed won The voltaic action developed 
when the protecting layer is damaged is much less than when tm is used. 
These facts can be illustrated 1^ fittmg up a cell like Fig 3 with iron 

and tm plates, and another cell with iron 
and zmo platra Water saturated inth 
carbon dioxide is used in both cells A 
feeble electric current will flow from the 
tin to the iron outside the cell m one case, 
and from the iron to the zinc in the other 
os illustrated graphically m the adjoimng diagram. In the tron tin 
cell, won dissolves and ruling occurs , wHdc in the iron zinc ceU, the zinc 
dissolves and no rusting occurs as long as the circuit is closed These 
results might almost have been predicted from our study of Table XXIEI , 
p 363 An iron lead cell behaves like an iron tm cell Iron raihngs 
are often fixed m a bed of lead, the iron corrodes first and the lead remams 
intact H. Davy (1824) once proxiosed to prevent the corrosion of tlie 
copper sheathmg of ships by fixing pieces of metalhc zmo here and there 
on the sheathmg The zmo was corroded and tlie copper preserved.^ 
In all these cases it has been fancifully said that one metal is sacrificed to 
ensure the safety of the othpr , and all the coses quoted are examples of 
galvanic couples Fo Sn , Zn Fe , Fe Pb , and Zn Cu 


§ 3 The Ionic HypoHiesis in Difficulties 

Tlio knowledge of nature os it is — ^not ns we imagine it to bo — oonstitutes 
true Boienoo — Pabacelsus 

There are some enthusiasts who claim that “ all chemical reactions aro 
reactions between ions , molecules os such do not i-eoct at all ” Tins state* 
ment is not quite in harmony with known facts The same might pe said 
of the assumption that “ chemical activity is proportional to the number 
of available ions ” L Kohlenberg (1902 seq ) has brought forward so 
largo a number of exceptions to these statements that it wdl be necessary 
to modify the hypothesis very materially before it can be accepted as an 
accurate descnption of the facts Some chemical reactions proceed very 
rapidly m solutions which are considered to be non conductors of electnoity, 
and wlucli, ex hypothesi, are free from ions For instance, diy hydrogen 
chlonde precipitates chlorides from benzene solutions of the oleates of 
copper, cobalt, and mckel , dry hydrogen sulphide precipitates sulphides 
from benzene solutions of the same salts and of arsemo cMonde ^1 this 
m spite of the fact that these solutions do not conduct eleotncity appreciably 
Agam, dry ammoma does not mute with dry hydrogen chlonde, but muon 
does take place if a trace of non conductmg benzene vapour bo present 
One metal can displace another from a non conductmg solution m a non- 
aqueous medium Thus metalhc lead, zme, tm, silver, iron, etc , will 
precipitate metalhc copper from solutions of vanous salts m carbon disul 
phide, carbon tetrachlonde, ether, alcohol, etc Hence, in spite of the loniQ 
h 3 q)othesis, diemical reactions do take place m non-conductmg solutions, 
and these reactions are similar m result and speed to those which occur 
in conducting aqueous solutions The lomc hypothesis cannot, therefore. 
Ignore these observations if it is to wm a permanent place among the 
conquests of science 

1 Tho copper then ceased to poison the barnacles, and the bottom fouled oa 
if the wood had not been sheeted with copper 
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§ 4 Polarization — Back Electromotive Force. 


When the simple coll Zn Pt, of 3?ig 3, is working, hydrogen 

IS evolved, mainly from the surface of the platinum Tlie chemical action 
IS vigorous at fkst, but gradually diminishes m intensity, and finnlly 
nearly stops altogether The curve, Eig 143, shows the electromotive 
force of such a cell workmg with a resistance of about ten ohms m the 
external circmt after different intervals of time The rapid drop from an 
imtial electromotive force of 1 3 volts to about half d volt in five minutes, 
is indicated by the rapid descent of the curve After five minutes, the 
electromotivo force remained fairly constant at about 0 4 volt, that is 
nearly 66 pei cent below the imtial value The effect is easily illustrated 
by connectmg an electric bell with such a cell The bell nngs loudly at 
fiirat, but gradually weakens, and finally stops If the platinum plate bo 
then removed, the surface will be found covered with a layer of bubbles 
of hydrogen gas, which has ramamed on the surface of the plate instead 
of passing away If the circuit is broken, the bubbles of gas gradually 
dissipate from the platinum plate, and the cell then resumes its foimcr 




H> so 
Time 


dectromotive force when the circuit is closed . 

This temporary reduction in the electromotive :::::::::: 

force of a cell is said to be due to the polanza- 
tion of the cell Polarization is developed by . [ J O ane/U Off. - : 

modifications of one or both of the plates, or ^ 4 1 mi l IT ‘ * 

of the solution produced during the working of 5 ^ t : x : 

the jjcll ^ ^ ^ qw - - 

In consequence of this phenomenon, com- - 

mcrcial cells have some provision for depolanza- 

tion, that IS, for preventing the accumulation " so Vomm. 

of gas on the negative plate In Danicll’s cell. Time 

the variation m the electromotive force of the Pio 343 — Voltngo Drop 
working cell is chiefly duo to changes m the of Voltaic Cclb 
concentration of the solution surroundmg the battery plates The electro 
motive force is therefore nearly constant Tins is illustrated by tlie curve 
shmvn in Fig 143, where a Darnell cell wos allowed to work for half an 
hour againrt a resistance of 10 ohms m the external cirouit A com- 
paiison of this c^e with that of the Zn IL,SO, Pt cell emphasize.s 
the constancy of the current dehvered by the Daniell cell " 

w exceeding two volts bo directed through an electro- 

lyte ceU (Eig 6) contaimng dilute sulphuric acid, and fitted with two 
platinum plates and a galvanometer in circuit, bubbles of gas aio di«. 
engaged at the two electrodes, oxygen at the anode hvdrnimn nf +i " 
cathode The direction of the current is indicated bv ^ 

the n^e the gelvaocmetcr Now let “he 
cttcmt, and the electrodes be lomed direotlv with t^ „ i ^ 
defleoboo of the needle shoj SrSte 

direction to ttiot which oeoinred when the “ °SP0«lt 

examination of the plates of the nolanrpd nib « circuit An 

gaseous films are present Obviously therefore cell shows that 

adhere toihe .rlnee anfS^^tT^SS^^ S'pC 
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then behave as if they were made of two different materials. Contact 
differences of potential are estabhshed. We have in fact a voltaic cell, 
O3 H0SO4 which furrashes a cnrrent flowmg m an opposite dureotion to 
the origmal opfrent The cell acts as a land of “ accumulator ” of electrical 
energy until the gases absorbed by the plates are used up This does not 
take long The polarization of the plates of an electrolytic cell thus makes 
them behave hke two different metals which exert a bach dectromohve 
^orce opposmg the electromotive force of the battery 

§ 5 Decomposition Voltages 

Suppose a current of A volt be sent through the electrolytic cell, Fig 6 
oontaimng normal sulphuno acid and fitted with platmum plates in circuit 
with a galvanometer The current passes tlirough the cell for an mstantas 
indicated by the “ throw ” pf the galvanometer needle, and then the quick 
drop to nearly zero The hydrogen and oxygen developed on the plates sots 
up a back electromotive force of nearly i volt which 
very nearly stops the current A minute steady 
current — residu^ current — does flow through the 
system, but this is only just sufScient to mamtam 
the polarization, smce if no current at all passes 
through, the plates would gradually depolarize owing 
to the dissipation of the gases from the plates 

If the current be now raised to 1 volt, a similar 
state of thmgs prevails The amount of oxygen and 
hydrogen adhenng to the plates moreases, and 
the moreased polarization raises the back electro 
Fro 144 — ^Effect of on motive force to very nearly one volt The residual 
current passmg through the cell is shghtly larger than 
before This is required to mamtam the polanzation 
If the current is now raised to 1 7 volts, the electrodes become saturated 
with hydrogen and oxygen gases Polanzation reaches a maximum 
value, and the back electromotive force also attains its maximum value 
Hence any further mcrease m the apphed electromotive force is available 
for electrolysis, 1 7 volts is the muumum needed for steady electrolysis, 
H 2 volts are passed through the system, there is a back electromotive 
force of about 1 7 volts, and the “ excess ” or “ residual ” current, 0 3 
volt, IS the effective electromotive force available for the production of 
current, and the steady evolution of gases from the electrodes 

The facts here described can be exhibited yery concisely by plottmg 
the apphed electromotive forces as ordmates and quantities of electncity 
passmg through the system as abscissse Fig 144 shows the results with 
normal solutions of sulphuno acid, hydrochlonc acids, and silver mtrate 
The “ residual ” current flowmg through the cell with normal sulphuno 
acid rises very slowly with moreasmg voltages until the dnvmg force 
reaches 1 67 volts ^ere is then a sudden change in the direction of the 
curve Inoreasmg electromotive forces now augment the quantity of 
electncity passmg through the system, and also the amount of electrolysis 
Normal hydrochlonc aojd gives a similar break at 1 31 volts , and silver 
nitrate, one at 0 70 volt 

The minimum electromotive force required to cause steady electrolysis 
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in any solution iS called iho decomposition voltage or dischatgC potential 
The decompoatiott voltages for a few acids, bases, and salts ate shown m 
Table XXIV 

Table XXn’" — ^D ischarge Pomvtials of bo^ie Electbolites. 


Electrolytes (Normal solutions ) 

Eccomposition 
voltages (Volts ) 

Salts Zmo sulphate 

2 36 

Nickel ^phate 

2 00 

Load nitrate 

1 62 

Silver mtrato 

0 70 

Acids Sulphunc acid . . 

1 60 

Hydrocblono acid . . .... 

1 31 

Nitnc acid , , , 

1 GO 

Phosphonc acid , 

1 70 

Boses Sodium hydroxide ^ 

' 1 0 & 

Potassium hydroxide 

1 07 

Ammonium hydroxide , 

1 74 


wimo uue valutas lor me meiauic salts vary Jrom metal to metal, the 
acids and bases have a decomposition voltage approaching 1 7 volts and 
the products of the electrolysis are oxygen and hydrogen. Those acids 
which have a lower decomposition voltage usuaUy give off other products 
m electrolysis, and attorn the final value-l 7 %olt8-on further dilution 
:muB hydrogen and chlorine are evolved when tho strength of the hydro, 
chlono acid exceeds 2A -HCI, and the decomposition voltage of the 2N 

steadily rises with inorcMing dilution 
unH with g^A-HCl the decomposition voltage is 1 69, and hyarogen 
and oxypn are the products of electrolysis Not only do the num^m 
vay mth concentration, withm certain hunts, as exemplified m tho case 
of hydrooUoric acid, but also with tho nature of tho electrodes Tho 
decomposition voltage of normal sulphunc acid for cxamnTo S 

mu black, the decomposition voltage is 1 07 volts • 

The contact potential between metalhc zmo nn«i or. i i 

a ^ -0 iz volt, Bho™ 1 SLl J 

electrode it conveys a positive charne +Vio j ®posited on a zinc 
negative charge there meseS S so lessens the 

the zinc electrode is negatively charged to a t” equilibrium when 
If, therefore, zmo is to be d^Sit^ m fn 
of potrotial must be counterbalanced by the^rrenfc 
v^L“~ of „ ^ 

numliert refer to notjull solJtiom Iho'^„S^®‘ “.o 

stote of the electrode m the presence of a ^ r^ers to the olcotrical 
f 6 of 00.0 per l.te C rf tt »y- 

auecfly. lor o..taooo, fto ouiote for nS'Z ^ £ 
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by extrapolation, since, according to the conductmty ineasuromcnts, 
only 23 per cent of zinc sulphate is ionized in normal solutions 


Taulf XXV — DiscuAnGE Potentials of some Amons ami Cations 


Cation, 

Charge on 
metal 1 olts 

Amons 

Chaigo in 
volts 

7n 

-0-403 

1 

+0-707 

Fo 

-0-063 i 

Br 

+1 270 

Ni 

+0 040 

O' (m acid) 

Cl' 

+1 300 

Sn 

+0 086 

+1 604 

Pb 

+0 120 j 

OH' (in acid) 

OH' (m base^) 

+ 1 06 

H' 

+0-277 , 

1 +1 16 

On 

+ 0-608 ' 

NOa 

+1 76 

Hg 

+1 027 

SO 4 ' i 

1 +1 0 

Ag 1 

1 +1048 

1 HSO, 1 

' +2 

1 


Just as different elcetncal pressures (E M F ) arc needed to produce 
m different solutions equivalent amounts of chemical change so Afferent 
chemical reactions in a voltaic cell generate different amounts of electrical 
energy, and produce currents mth different electromotive forces Dunng 
electrolysis a difference of electrical pressure must be continuously supplied 
because the current is consumed, so to speak, bj the separation of chcmi* 
cally equivalent quantities of matter (Faraday s laiv) In a voltaic cell 
cleotrical energy is produced, so to speak from the chemical energy of the 
dissolvmg zmo The question whether or not a given supply of 
electrical energy can start electrolysis is determined by the in- 
tensity, pressure, or voltage of the current The total supph of 
a\ailable electrical energy does not matter Although a given quantity 
of eleotncity, say 90,510 coulombs, utU separate chemically cqimalcnl 
quantities of different electrolytes, these 00,540 coulombs must bo supplied 
at defimte pressures before electrolysis can take place In other ivordij, 
just as different compounds decompose at different temperatures and this 
quite independent of the total quantity of available heat, so electrical 
energy at different voltages is needed for the decomposition of different 
electrolytes 

The total amount of electrical energy required for the liberation of 
chemically equivalent quantities of different electrolytes can be approxi 
mately determined by multiplymg the 90,540 coulombs (or one farad) 
of eleotncity by the voltage needed for electrolysis Hence the dccom 
position voltage is a measure of the energy needed for the decomposition 
of a gram equivalent of a given electrolyte A joule, the unit of electrical 
energy, is numencally equivalent to the product of one lolt uito one 
coulomb Further, a joule is equnaleot to 0 2382 calories of thermal 
energy As a first approximation, it may bo assumed that the heat of for 
mation of any given compound is o measure of the thermal equivalent of 
the elcctnoal energy required to break up the compound by' electrolysis 

Exasiple — ^Tlio heat of formation of sodium ohlondo is 07,900 calones vliol 
IS the equiv aleiit electncal encrgi needed for tho electrolysis of a gram eqim nient 
, of the fused salt, and what is the decomposition voltage reqmred T Hero, 07,900 
calones are eqmvalent to 07,000 — 0 2382 = 411,000 joules But 06,640 coulombs 
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will liberate chemically equivalent quantities of eodium and chlonno, and 411 000 
joules are needed for this purpose Coneoquentlv. since eloctncal enorgj volts 
X coulombs , 411,000 = volts X 96,640 , or volts = 43 Tlus means that in 
order to hbcrate 23 grams of sodium and 36 6 grams of chlorine from 68 6 grams of 
fused sodium chloride, 411,000 joules of elcotncal ener^ must bo supphed at a 
minimum v'oltnge electromotive force of 4 3 volts The mimraum voltages so 
calculated are usually a little higher than are needed in practice 


§ 6 Fractional Electrolysis — ^Magnus’ Rule 


When a solution containing salts of different metals is subjected to 
electrolysis, there is a certain voltage at which one and only one of the 
metals will be deposited on the cathode — Magnus’ rule (1856) If a mixed 
solution of mckel and copper sulphates, for example he subjected to elec- 
trolysis, copper alone is precipitated when the applied electromotive force 
has reached 1 29 volts , the nickel is not precipitated, smee its decom- 
position voltage 18 1 96 volts On the other hand, if a mixture of nickel 
and iron sulphates be similarly treated, a mixture of iron and nickel mil 
be simultaneously deposited The decomposition voltages of these salts 
are too close to allow an effective separation of the two elements by electro- 
lysis Hydrogen is also evolved during the electrolysis of these salts 
This arises from the fact that the decomposition voltage of sulphuric acid 
—1 67 volts— renders it also susceptible to the infliitnce of the same current 
as liberates nickel and iron 


Many useful methods of analysis arc based upon these principles In 
metalluigy too, electrolytic processes for refining metals— nickel, copper 
lead, tin, silver, gold, etc — ^liave been developed Por example, m copper 
refimng, as we shall soon see, anodes made of crude copper are dipped iii 
a solution of copper sulphate acidified mth sulphuric acid , the cathodes 
are sheets of pure copper Zme, won, and copper from the anode pa<»s 
into solution dunng electrolysis The decomposition voltage is kept 
below that needed for the deposition of zinc and iron In consequence 
refined copper is deposited on the cathode Other impurities affectine 
the onide copper are but shghtly soluble m the electrolyte, and are deposited 
about the anode as a thin mud— “ anode mud ” ^ positea 

The decompOTition voltage of an electrolyte is greater the more dilute 
the solution The concentration of any given salt about the electrode 
naturaUy decreases durmg the process of electrolysis Hence also the 
decomposition v^e for that particular salt in the mixed oleotrolvte 
also mcreases When the concentration of the copper sulphate in a 
mixture of copper and mckel sulphates has become so smaff K f ] J 
composition voltage of the dilute solution approaches Vi ^ 

furfter d«,trolys„ bnng a JSHf 

IS, therefore, a limit to the process of ^ x There 

IS a hunt to the separation substances m SmaiTSSis^^Ul f 
in the former case is determiTipd w +1*0 ^ “«»iysis The Jimit 

respective metals, and m the latter case the^SuTls 
solubihty of the precipitates in thf^^ 

centmtion can be approximately determmed from tee mh "a 

of ^ m the concentration of the electrolvto i ^ decrease 

voltage of any given ion 0 058/m volt/wh^ rnTfS® ^f®°"^PQsition 
particular ion ' i wnere m is tee valency of the 
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As the oation is deposited about the catliode, the loss in ooncentration 
13 made up by diffusion from the surrounding electrolyte To hasten 
diffusion, and prevent the undue attenuation of the electrolyte m the 
vicimty of the cathode, stirnng by rotatmg one of the electrodes is 
sometimes used 

If the cathode be small m comparison mth the anode, the solution 
about the former mil be very much more qiuoldy exhausted than if a larger 
cathode had been used The decomposition voltage of the substance 
mil nse m a proportional manner Hence the larger the cathode the lower 
t)ie “ average ” electromotive force needed for the deposition of the pure 
metal It is oonvement to call the quantity of eleotnoity flomng through 
umt surface area, the current density at the electrode, in other wor^, 
“ the number of amperes per umt surface ” “ Umt surface ” is usually 

taken m the laboratory to be one square decimetre 

Bxajiple — AVhat was the current density at the anode of the electrolvtio cell 
when 4 sq cm of eaoli electrode were immersed m the eleotrolvte and a current 
pf 4 26 amperes was passed through the system for one hour f One square dcoi 
metro r= 100 sq cm Hence, 1 0625 amps passed per sq cm , or lOG 26 amps 
{>er sq decimetre The current density at the anode was therefore 106 26 amps 

Current density is one of the moat important factors in electrolysis, 
since it determmes tlie character and nature of the products obtam^ at 
the different electrodes Tints, by usmg a large current density and a 
concentrated solution of sulphuric acid, hydrogen, oxygen, ozone, and 
free sulphur can be obtained, whereas under oithnaiy laboratory condi 
tions the latter substance does not appear 

§ 7 The Factors of Energy 

Tlie idea developed m the preceding sections, that electrical energy is 
dependent upon two distmot factors, may now be extended further Water 
mil only flow from one vessel to another when there is a difference in the 
level of the liquid m the two vessels The actual volume of the water in 
either vessel does not matter Agam, heat mil only pass from one body 
to another when the temperature of the one is higher than the tempera 
ture of the other The flow of heat is not determined by the quantity of 
heat m either the hot or the cold body If two reservoirs of gns be con- 
nected by a cylmder fitted mth a shdmg piston, the motion of the piston 
mil not be determmed by the volume of the reservoir, nor by the quantity 
of energy contamed m the gas, but it will be deternuned by difference 
in the pressure of the gas in the two cylmders In this sense wo can 
imagme the different forms of energy to be compounded of two factors 
—mass of water and difference of level , thermal capacity and temperature , 
volume and pressure of gas The one factor is called the quantity or 
capacity factor, and the other the intensity factor or strength 

Ai ailable energy = capacity (quantity) factor X mtensity (strength) factor 

When the capacity factor is constant, or nearly so, more work can be 
got from a defimte amount of energy mth a high than mth a low mtensity 
factor, and a moment’s reflection mil show that m every transformation 
the intensity factor mil be diminished Energy becomes less available 
for domg work when the mtensity factor is diminished 
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What are the factors of chemical energy? — chemical energy can be 
resolved into two factors, the one factor must be analogous to the capacity, 
and the other to the intensity factor of thermal energy J W- Gibbs 
calls the intensity factor of chemical energy the cherm^ potential, and 
G Helm calls it the chemical intensity These terms are employed 
with the idea of avoiding the Taguene=s of the old term, chemical afdmty, 
which IS undoubtedly the correct designation for “chemical intensity” 
Now, the quantity of a substance winch takes part in any chemical change 
13 proportional to the “ equivalent wei^ts ’ of the substance , and 
assummg that the chemical equivalent is the capacity factor of chemical 
energy, we may write — 


Cfaenucal energy = equivalent weigV A cfaemical affinity , 

or 

Chemical energy = eqm\a!ent weight a chemical mtenaty 

If two bodies at the same temperature be placed in contact, there mil 
be no apparent conduction of heat from the one to the other , but I’iien 
the temperature of the one body is higher than that of the other, heat 
mil pass from the hofc to the cold body, so that the cold body is warmed 
and the hot body is cooled- So with chemical energy. We assume that 
the molecules of every substance possess a specific amount of chcnucal 
energy, rduch has a defimte mtensity under certain specified conditions 
One substance can only react with another when the intensity of the 
energy associated mth the ongmal mixture is greater than that of the 
final ^em, K the intengty of the energy associated mth the ongmal 
nurture be the same as that associated with the products of the reaction 
no action mil take place; if the mtensity factors are not equal, the enemy 
will not usually be at rest Water placed in a senes of vessels in commum. 
cation with one another wiU only come to rest ivhen the surface of the wat^r 
m at the same level m each ves>-el ‘ Difference of level ” here means 
that the gravitational energy has a different infensitT factor in each 
An el^c current mil Sow whenever tfaero m an mequalitv of 
the mtensity factor— i e. a differcrce of potential— at different parts of 
the mromt If the intensity factors of any particular form of Energy 
m a are not equ^, the system wdl be m a state of unste^ 

^ condition wnll not be permanent, and energy will 

Ostwald has drawn attention to the fact f Jiat jf +lif, 

tei^ormed into an equivalent amount of electrical enerev 
by Faraday'S faw, the capacitv factor— quantitr of ^ ^ ’ 

quantity of matter deSipo«Sf the 

the electrical energy will be proportional to th#» ^ x factor of 

chemical energy. Hence the ^ 

electrical ene^es mil 

proportional to the mtonsitv fact^ of electromotive force is 

electromotive force is proportional to therefore 

are one and the same * Onr problem is colSr« ^ chemical affinity 
Chennai a=C 

teacta.* subsbm«s greater than tiat t hi ^ 
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to daj express the “ afiSmty ” between a number of reactmg substances 
roughly in terms of difference of potential How this may be done for 
non conductors of electnmty has not yet been determmed. 

The temperature or mtensify factor of heat energy required for the 
decomposition of many substances — say calcium or potassium ohlonde — 
IS so great that commercial methods of decomposmg these substances by 
thermal energy are not profitable A great many compounds thus appear 
to be very stable when heated to high temperatures, these can often be 
decomposed by electncal energy at a comparatively low voltage (mtensity 
factor) This illustrates how the commercial production of metals like 
alumimum, calcium, etc , were not particularly successful until electncal 
methods were adopted. The prediction (AC h. Rerthollet, 1803, has been 
fulfilled. “ The electno current,” said he, “ has furnished chemistry with 
an agent whose energy may be earned to a degree which, as yet, can 
scarcely be imagmed, and which will furnish the means of produemg m the 
formation and decomposition of chemical combmations, effects unforeseen, 
and supenor to those which it is possible to obtam by the action of heat ” 
It has been suggested, too, that if a source of energy with a particularly 
high mtensity factor were available, it would most hkely be possible to 
decompose many of the so-called elements mto still simpler substances, 
but this, of course, is merely a speculation 


Questions 


1 \\'hat 18 the weight m grams of (a) iron, (5) aliunimnin which would theo 
retioaUy bo required to remove (* « precipitate) the copper completely from a 
solution contammg one kilograro of crystallme copper sulphate. CuSO, 6H.O 
~ A1 = 27, O = 16, S = 32. H = l)^St/dn% Umv 
How mneh 8 j 1\ or will bo deposited from a solution of silv er nitrate by ff 
current of 2 amperes in 30 mmutes ^ 

3 Explam the meanings of the terms “ electropo8iti\e " and " electroneuative' 
as apphed to the elements.— Xondon Umv ° 


4 'Vhat wmght of aUNer and copper would be deposited by an electric current 

flowmg ttoongh a solution of those metals m the same time that It hberatea 30 o c 
. “nurture of oxjgen and hydrogen from acidulated water (Cn = 63. 

6 The solution pr^ures of the five elements manganese, sane, tm, hydroeen. 

o-^^n decrease m the order m which they are named ■\^hat 
occur (and why) when («) metalho manganese is placed m a 
1 , t**) "^hen metallic copper is placed in a eolation of a tin 

Mlt Jc) when metalho manganese IS treated with an acid, (d) when tm is treated 

copper is treated with an acid 1—MaMachuaett» 

how the evolution of hydrogen when metalho iron is treated with 
^ comparable with the deptwition of lead upon a etn^f zmo 
T^^nohgJ inimersed m a solution of a lead salt — ^UMocllusctts Inst 



CHATTER 

CoppLK, Silver, and Gold 


§ I Copper— Occurrence and Properties 


History — Copper appeax-s to have been knoxvn from prehistoric tunes 

—the neolithic age The “ copper age ” followed the “ stone age Coppei 

appears to have been used foi making utensils and instruments for war 
before iron This is piobably duo to the fact that copper occurs imtivo 
in a form requiring no metallurgical treatment The ancients used the 
terms (chaloos) and aes for copper, brass, and bronze Copper was 

afterwards called aes cypnum (i e cSrpnan brass), since the Komans first 
obtained it from the Isle of Cyprus, the term aes cypnum was soon 
abbreviated to cupnm Hence the modem symbol “ Cu ” The seven 
metals— gold, silver, mercury, copper, tin, iron, and lead— knoivn to the 
earher chemists were designated by the names and symbols of the seven 
greater heavenly bodies— Sun, Moon, Mercury, Venus, Jupiter, Mars, and 
Saturn Thus the looking-glass of Venus 9 symbolized coppei. In some 
oases it IS possible to see a reason why a particular metal was assigned to a 
particular heavenly body, butm other cases the connection is more remote 
Occurrence — ^Metalhc copper is found lu many locahties, eg con- 
siderable masses have been found in Michigan on the shores of Lake 
Supenor , and small quantities in many other places — Cornwall, Siberia, 
Ural, Austraha, Chih, etc Compounds of copper are distiibutcd m 
nature as oxide m cupnte, oi ruby ore, Ci^O , as sulplude m chaJcocUe, oi 
copper glance, OuqS , copper pyrites or chaJcopynle, CuVeSo or CujS ITcaSa 
The real composition of many copper sulphides, as**tlii^' occur in nature, 
is exceedmgly complex The same remark is more or less true for the 
composition of most natural minerals, at least chemical formulas winch 
follow the analyses closely are very complex The formula for minerals 
are commonly represented as if pure minerals occurred in nature 
Ideally pure minerals veiy seldom ocoui in nature, end accordingly, the 
formulae represent ideal or imagmaiy mincials to which real minerals 
approximate more or less closely Coppei also occurs m many places as 
basic carbonate, malachle, CuCOg Cu(OH)j , and azunle, 2CUCO3 Cu(OH)„ 
Copper silicates, arsenates," phosphates, "etc , aio also knenvn T» occur 
native Copper has also been found in the feathers of some birds 


^ Properties — Copper has a characteristic reddish-broivn colour by 
lofleoted hght, but m transmitted bgbt, thin layers aic green The metal 
can bo obtamed m octahedral crystals (cubic system) Wlicn near its 
meltmg-point, copper is buttle enough to bo powdered If a inoco of 
copper bo beatod and cooled slowly, it is brittle , and if cooled lapidly, it 
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IB soft, laallotibld, and ductile Copper is one of the best conduetors of 
heat and eleotrieity Those properties are modified if the metal be con 
taminated with mmute traces of impurity Copper melts at 1082 6 ° m 
an atmosphere of carbon monoxide, and it can bo distilled m the olcotnc 
furnace It furmshos a green vapour, and it colours Bunsen’s fiame green 
{Dry air has no action on copper, but m the presence of atmosphcnc 
(moisture and carbon dioxide, the metal becomes covered with a green basic 
[carbonate called “ verdigns ” The atmosphere of towns contaimng sulphur 
^omdes may also form basic sulphates with the copper Hydro ddon c 
and sulphunc acids have little or no action on the metal m the cold , hot 
sulphuric acid dissolves copper rapidly, and hot hydiocliloric acid attacks 
» the metal slowly Nitoc acid — hot or cold, dilute or ooncenteated — dis 
solves the metal rapidly, forming copper nitrate Ammoma acts on oopjicr 
in the presence of air fomimg a deep blue solution 

Atomic weight — ^Tho combimng weight of copper has been dctermihed 
by the analysis or sjmthesls of the oxide, sulphate, elilorido, etc The 
results, refened to oxygon = 16, vary between 63 36 and 63 68 , and the 
best roprosontativo value is taken to be 63 57 This number also reprfesente 
the atomic weight, as estimated by the isomorphism of the cuprous, silver, 
and gold salts , by the vapour density of the volatile copper compotinds , 
and by Dulong and Petit’s method of appioximation — specifio heat of 
copper 0 0966 

L . Uses — Next to iron, copper is the most useful metal Enormous 
/quantities are used in the electrical mdustnos It is also mode into house 
hold utensils, boilers, etc Copper nails, rivets, and sheeting are used 
for sheathing ships because copper is but slowly corroded m moist ait 
and m sea water Copjier is one of the chief ingredients m small corns • 
Bntiah copper coina contain 96 per cent of copper, 4 per cent of tm, and 
1 per cent of zinc Gold and silver corns of different nations usilally 
oontam 8-10 per cent of copper Ntckd coma in Germany and the 
United States oontam about 26 per cent mokcl, and 76 pel cent of copper 
Copper IS largely used in the manufacture of alloys With zinfc it forms 
brasa (zme 1, copper 2-6) — common braea has zmo 1, copper 2, Dutch 
metal (zme 1, copper 4), bdl metal (copper 3, zmo 1) , with tin, apeddum 
metal (tm 1 , copper 2 ) used for optical mstruments, gun metal (tm 1 , 
copper 9) was once used for makmg cannon Bronze is an alloy of copper 
(70-90 per cent ), zmo (1-26 per cent ), and tm (1-18 per cent ) , it is ilsed 
for makmg statues, coins, ornaments, etc Phoaphor bronze oonthih^ tm 
and a small percentage of phosphorus , manganeae bronze employed for 
propeller blades has about 0 3 per cent of manganese The 
ailoys are tougher than ordmaiy bronze, and th^ are largely used for 
steamsbip propellers because they resist corrosion 1 ^ sea water fairly well, 
and oertam parts of machmery Aluminium bronze contains 96 per cent, 
of copper , it IS a hard yellowish brown alloy, hght, strong, and elastic It 
IS used for making the hulls of yachts, etc Qemian silver contains coppet 
(66-60 per cent ), zme (20 per cent ), and mckel (20-26 per cent ) It ib 
used m making resistance coils (owmg to its low electnc conductivity), and 
for imitatmg silver 

§ 2 Copper— Extraction. 

The methods employed for winning copper from its ores depend 
upon the kmd of ore used, and upon local conditions Similar ores 
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are seldom treated m the same manner m different localities. If the 
ore contams no sulphur — as is the case ■with the caibonates and oxides— 
the metal can he obtained by simply reducing the ore With coke in a furnace 
heated bv a blast Assuimngthat the ore to bo smelted is atypical ohalco- 
pynte, the operations involved in extracting the copper are somewhat j/ 
complex because (1) a large number of impurities are present in the ore , 
(2) copper of a high degree of purity is needed , and (3) it will probably 
be profitable to lecover gold and silver from the crude metal 

1 Roasting the ore — The pyritio ore is fiist orushed, and it may or 
may not bo necessary to concentrate the pyrites by washing away the rocky 
impuntics Tlie concentrated ore, m one works, contained about 14 per 
cent of copper, and 29 per cent of iron Part of the concentrated oie 
IS then roasted, say, in a reyerberator y ^f urnace m order to eomort the 
sulphides mto oxides 2CuFeSo + fiO«s ~ CUjO -|" Fe203 -f- 4SOj, It may 
or may not bo convenient to use the sulphur dioxide for the manufacture 
of sidphurio acid 

2 Fusion for matte — A mixture of roasted and unroasted (“ green ”) 

ore and coke is charged mto a blast furnace lined with firebricks and heated 
by a blast The air blast burns the carbon to carbon monoxide 20 + 0, 
= 200 Part of the cuprous oxide formed in the preceding operation 
}s reduced to copper by the jomt effect of the carbon and carbon monoxide 
Cu^O + 00 = 20u + CO„ The copper unites with tlie sulphur of tho 
unroasted ore 30u + FeoSg = 3CuS -j- 2Fo , and some of tho unreduced 
cuprous oxide forms cuprous sulplude + FcjS, == .lOiUvS -f FooO, 

Any cupric sulplude present is reduced to 
cuprous sulphide Tlie ore probably con- 
tains sihca, if not, some must bo added 
when the furnace is charged Part of tho 
iron unites with the sihca to form a fusible 
slag , and part is reduced to ferrous sulphide 
which remains admixed with the cuprous 
sulphide to form matte Matte is a more 
op less impure mixture of cuprous and 
ferrous sulphides containmg 45-76 per cent 
of copper The gold and silver, and part of _« Converter » Fur- 

the arsemc and antimony m the ore remain nneo (Dmgrommntio) 
with the matte The furnace is then tapped, 

and the matte and slag are run into a tiough The lighter slag rises to 
the surface and flows over into a pit Tho matte, which collects at the 
bottom of the trough, is draivn off from tune to time 



3 The conversion of the matte mto bhster copper —The molten motto 
IS mto a tilting converter ” furnace lined with a mixture of quartz 
and clay, and araanged mth opomngs m the bottom so that air can bo 
blown through the molten m^e. Fig 146 The sulphui, iron, and many 
other metals are oxidized. The volatile oxides are driven off, tho iron 
oxide unites r^th the sihceous hnmg of tho converter to form a sW The 
iron and sulphur am oxi^ed first As soon as appreciable quantities S 
y^r commence to o^di^, the operator can toU from the appeoi^nce 

Dools, the sulphur dtOHde dasolved b, Se metal « thts°t?S 
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the metal a blistered appearance, hence the product is called blister 
copper 

4 The conversion of blister into crude copper — ^The blistered copper 
IS melted on the hearth of a reverberatory furnace — e g Fig 174 — and any 
oxide dissolved by the copper is reduced by forcing a log of green wood 
into the molten mass The hydrocarbons of the wood, bubbling through 
the molten metal, reduce copper oxide to metalhc copper The “ poled ” 
copper 18 oast into plates — about f inch thick, 3 feet wide, and 3 feet long 
— ^if it IS to be further puiified 

5 Refining the crude copper by electrolysis — Crude copper is refined 
by an electrolytic process Plates of crude copper are suspended, as anode s, 
in a bath of copper sulphate acidified with sulphuric acid Sheets of pure 
copper, as cathodes, are suspended alternately with the anodes m the same 
bath A^Tien the current passes, copper diasolves from the anodes, and 
pure copper is deposited at the cathodes. The impurities in the omde 
copper either pass into solution, or are deposited as a mud or “ shine ” 
about the anode The anode is enclosed m filter cloth bags to facihtate 
the collection of the “ anode mud ” Considerable amounts of silver and 
gold are obtained from the shmos or “ anode mud ” It is possible to get 
a very high degree of punty — e j; fl9 8 jior cent copper — bj' the eleotroRiiio 
process This quality of copper is needed for electrical purposes, since a 
trace of impunty may considerably lediice the electrical conductivity 
of the metal Copper matte, blister copper, and even copper ores have 
been treated, more or less successfully, by electrical processes, but the 
product 18 not vciy pure 

§ 3 Sdver — Occurrence and Properties 

History — Silver has been known from ancient times Tliero arc some 
allusions to silver in the Old Testament, and it was probably used as monej 
as early os gold The Phoenicians are supposed to have obtained their 
silver from Armenia and Spam Silver appears to have been purified 
by a process of cupellation, but there is httle evidence to show tJiat the 
ancients knew how to separate silver from gold The old terms for silver 
refer to its bright white colour — the Hebrew equivalent is denved from 
the verb “ to be white,” and the Greek term from (argos) to bo shining 
The early chemists termed silver “Luna,” or “Diana,” and represented 
it by the symbol ) for the orescent moon — ^probably because of the pale 
silvery colour of moonlight 

Occurrence — ^Native silver is occasionally found m large masses or 
crystallized m cubes or octahedra It is also found associated ititl^ metolho 
copper, gold, etc The prmoipal ores of silver contain silver glance or 
argentife, AgjS, admixed mth several other sulphides — antimony, arsenic, 
and copper ^e chief silver ores are found in Mexico, Peru, Bolivia, 
Idaho, Arizona, Nonvay, Austraha, etc Much silver also occurs associated 
i^th lead m galena, and a great deal of the silver in commerce is extracted 
from argentiferous lead Silver chloride, AgGl, occurs as lerargynie, or 
horn silver 

Properties of silver — Silver is a white lustrous metal which appears 
' yellow if the light be reflected from its surface many tunes before it reaches 
the eye Very thin layers of silver have a bluish tint Pondered silver 



COPPER, vSILTER. AND GOLD 


381 


IS grey and earthy in appearance Silver is highly malleable and ductile. 
Sheets O'OOOOl inch thick have been made Silver melts at 960° in an 
atmosphere of carbon monoxide and vaporizes between 1200° and 1500°. 
It can be distilled in the oxy-hydrogen blowpipe or in the electric furnace. 
The vapour appears of a greenish colour Molten sflver absorbs oxygen 
as mdicated when the occlusion of gases by the metals was under consideiti-' 
tion. Silver conducts heat and electncity better than copper Exposure 
to the air has no action on silver, but if the air be contaminated with 


hydrogen sulphide, the silver is blackened owmg to tbe formation of a thin 
film of silver stdpl^de on the surface Nitnc acid — hot or cold, dilute oi 
concentrated — readily dissolves the metaL forming sflver mtnfc Hot 
concentrated snlphnnc acid gives silver snlphate, but the metal is not 
perceptibly attacked by dilute acid. HydrocUonc acid acts very slowly, 
if at all, at ordinary temperatures, but at a red heat, hydrogen chloride 
forms silver chlonde ) 

Atomic weight. — ^Analyses of vanons halogen compounds of silver give 
numbers ranging from 107 67 to 108*09 for the combinmg weight of salver 
(oxygen = 16) , the best representative value is supposed to be 107 88 
which also represents the atomic weight This number agrees with the 
isomorphism of the silver, gold copper, and sodium salts, and also uith 
Dulong and Petits meth^ of approximation— specific heat of silver 
0 03625 


V 


Uses — Bntish sflver coinage has very nearly 92 5 per cent of silver 
and 7 o per cent of copper This is the standard of skrhng «7ier for 
coinage and for silver plate regulated bv law The American dollar his 
about 90 per cent of silver Sdver ornaments made from standard silver 
can be heated in air to oxidize the copper near the surface of the metal, 
the resulting copper oxide is removed bv digestion with sulpimnc acid’ 
Irving a superficial layer of pure silver The effect so produced is called 
frosted alver ’ The so-called “oxidized silver ' is made bv dippinir 
silver ornaments m a solution of an alkabne sulphide A thin film sul- 
phide is thus formed on the surface. 


§4 Silver— Extraction 

The methods employed for the extraction of silver are vaned. 

—In Ziervogel’sprocess, the ores are roasted 
under^flUy reguli^onditions so that the iron and part of the comS 
sulphides are converted into oxides, while the silver and mrt nt fht. 
ate inverted into silver and copper sulphates Ag„SO CuSO 
soluble sulphates are extracted wi^ water and xJ' 
from tbe sSution by tbe 

war^ precipitated by the addition of iron iS pro^ 

u^ for argentiferous copper mattes Lr Percy 

the ore is roasted with salt; silver chlonde is f^ed. 

with sodium thiosulphate ; or with strong brine as m A«^!^ * extracted 

In nnd Pntea's ptooes, tta 

as silver sulphide by tbe addition of sodinm ny « 1 solution 

redneed to the metol hv caleination nj n loastmr fnm™™ «nlplnde and 
procesa. the sdver B pr^eipdated » 

process has praetnedly .nBted thi 
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^In the cyanide process, the crushed ore is treated with a solution of 
potassium or sodium cyanide The cyanide reacts with the silver sul- 
'phide Ag 2 S + 4NaCy5=i2NaAgCy2 + Na 3 S The accumulation of sodium 
sulphide in the solution stops the reaction A^Tien the solution is expose^ 
to the air, however, the sodium sulphide is oxidized to sodium tliiosulphate 
I and sulphur The reaction then progresses as indicated in the equation 
^ from left to right Thus, the free access of air to the cyanide solution 
I IS an important factor m promotmg the dissolution of silver The silver 
IS recovered fiom the solution by zinc precipitation 

2 Amalgamation processes — In Mexico, where fuel is scarc e, the 
so called patio process has been in use over 300 years, but now it is almost 
displaced by the cyanide process Henoe the patio ptoceas promises very 
soon to be of httlo more than histone interest In this process, the 
powdered ore is thoroughly incorporated with a httlo god ium ohlon de 
Li about a day, mercury is added along with some roasted pyrites c6n- 
tainmg a mixture of copper and iron sulphates and'bxides ^hC* whole 
IS most intimately mixed, and more merouiy added from time to time It 
IS probable that copper ohlondes are first formed, and these decompose 
the silver sulphide CuCnj + Ag^S = 2AgCl + CuS , and 2C)uCl + AgjS 
= 2AgOI + CujS The silver ohlonde dissolves in the bnno, and it is then 
immediately reduced by the mercury AgCl + Hg = HgCl + Ag The 
mercury is more active if about 1 per cent of sodium be dissolv^ in it 
The resulting silver amalgam is separated from the mud by woshmg and 
settlmg, and the excess of mercury is squeezed through canvas bogs 
The sohd amalgam is then pressed into cakes, and heated in a retort.' 
Mercury distils over, and silver remains behind A certain amount pf 
mercurous chloride is lost durmg the operations 

3 Smelting process is largely used m America Tlio object is to con 
centrate the silver in lead The ore is mixed with' coke and hmestonc, 
and heated in a small blast furnace A fusible sihcato of iron and lime is 
formed as a slag, and the reduced metal accumulates m the bottom of the 
furnace Slag and metal are run off from time to time Tlio “ pigs ” of 
lead are passed on for desilverization 

4 Electrolytic processes — ^The electrolytic process mdicated m our 
study of copper extraction is used for the separation of silver from aigen- 
tiferous copper In B Moebius’ process (1884), the electroljrte is a mixture 
of silver and copper nitrates aoidified with nitnc acid A slab of impure 
silver IS used as anode, and a plate of pure silver as cathode Silver and 
copper ore dissolved at the anodes, and silver is precipitated on the cathodes. 
The gold, if present, remams undissolved os a slime below the anode The 
anodes are enclosed m filter bags to facihtato the collection of tlie 
“anode mud” The composition and concentration of the solution, os 
•prell as the current density are carefully regulated on account of the 
danger of depositmg copper -with the silver 

§5 Desilvenzahon of Lead 

Ijoad can be desilverized by means of Fattinson’s or Parkes’ process 
The latter process is generally used, the former but seldom 

I P^ttinson’s process — 'Molten lead and silver mix together in all 
proportions, The meltmg pomts of all possible alloys of the two metals 
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are indicated in Eig 146 There is a eutectic at 303®, "when the molten 
mixture cOntams per cent ■of silver If a molten mixture of lead vnth, 
say, 50 per cent of silver he allowed to cool, when the temperature leaches 
64S®, some silver (contammated with a little lead) will separate from the 
solution The remaimng fluid is nchei in lead than it before, and 
coiisequently reraairls fluid, but as its tompferature falls, more silver •rtfU 
separate from the solution and the mother hquid will continually get 
poorer and poorer in silver until but 2+ per cent remam4. The whole 
'Will tlicn freeze cn vict^sc at 303^ If the molten mass cotitauis less than 
per cent of silver, it will begin to freeze somewhere betweeii 327® fend 
305®, and lead (contaminated with a little silver) will separate from the 
solution, and continue separatmg imtil the mother liquid has per dent 
of silver when all will freeze en lloc The results are here quite analogous 
with the freezmg of solutions of salt and water indicated m an cUrhet 
chapter In Pattinsons piocess for 
separatilig silver from lead, the molten ^ 
mixture containing less than per cent 
of silver 13 allow^ to cool slowly, and 5 ^®®* 
the crystals which separate from the m 
coohng solution, contammg more lead 
than the ongmal solution, are s^dlijned ^ 
off wath perforated ladles mto a neigh- 5 ■«»* ; 
bourmg pot untd one-third to one eiglth 
of the ongmal solution remams. The 
ennehed silver-lead alloy remams m the 
pot The operations aie repeated 'on 
both fractions until the ennehed lead 
Contains about one per cent of silver, 
and the desilverized lead contauis but 0 001-0 002 per cent of silver The 
theoretical ennehed lead should have per ceht of silver The enriched 
lead 18 then cupelled for silver — see “ Gold refining by cupellation ” 

II Parkes' process — affine readily forms a number of chemical com- 
pounds with silver— AggZuj, AgZn, AgaZn^ Ag^Zn^, AgZuj, They all 
Show maximum pomts on the freezing pomt curve of alloys of zmo Uhd 
silver These compounds all freeze at a higher tompcratuio than molten 
lead, and they are specifically hghter than molten lead Hence if molteU 
zone be rtured m a bath of molten argentiferous lead, and the molten 
mixture be allowed to cool, a crust is formed on the surface contaimng a 
zine-siiver compound Gold m the argentiferous lead also passes with the 
silver to the zme The zme silver crystals are remo\ ed from the surface as 
they are formed until the lead itself begms to sohdify The pweeas can be 
repeated until finally the remaining lead contams but 0 0005 per cent 
The desilver^tion can thus be earned much further by this 
than IS pr^ticable with Pattinson’s In practice, the zmn 


zoo' 
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Fig 146 — ^Freezing Cdne of 
Silver I Load Alloys 


of silver 
process 


^ the lead is kept between 0 Sjud 1 5 per cent , and the zmc-silver crystals 
are mainly Ag^Zn, The mixture of zmo, lead. ctc.,’irh'o2fea-bn an m- 
chned surface hot enough to melt the lead, but not the zme alloy The 
lead flom away, and the ennehed scum remains The zmo can bo 

J ® ^ distillation. The residue 

m the rhtort contammg the silver and gold is cupelled. 
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§ 6 Gold — Occurrence and Properties 

History — Gold must have been one of the eorbest of metals to attract 
the attention of primitive man Flmt daggers rvith gilt handles have been 
reported from excavations m Egypt, and gold is mentioned in the oarhest 
ivntmgS of oivihzed man The gold mmes of Nubia wore •worked evton- 
sivoly by the Egyptians Pliny described the amalgamation process for 
the extraction of gold. CiipcUation processes for the punfioation of gold 
\;vvoro desonbed m the second century, and the same process is probably 
rbferred to by Jeremiah m the Old Testament, COO B o Tlic carhest 
norllB for gold m Hebron and Egypt refer to its shining appearanee The 
early demists called gold sol (the sun) ond represented it by the symbol 
of petfeAwn O or -ilf , not on ooeount of its appearance, but because they 
considere^^t to be the most perfect of the nbblo metals — the vciy king of 
metals \ 

Occurrenoie — Gold is generally found in a metalho condition in quartz 
vems, and in (Uluvial gravels — ^tho latter represent the dibns from the 
iveathoring of miTraf^rous rooks Native gold is never found pure, but 
specimens 99 per cent^Jsqmty are sometimes found , and one from Cnpplc 
(k«5k (Colorado) nas repoK^ to bo of 99 9 per cent purity 

Metallic gold is vary "idolj^istnbj^^^n nature in quantities too small 
to be profitably extraoted instance, is said to contain 

about 34 grams per ton Granite, A 'j.u X''''cragc, has about 0 37 part 
per million , sandstones, 0 03 partLj. Jj^n , hmcstoncs, 0 007 part 
per milhon Gold also occurs m srw Quanbtir* I® >ron pyntes, and 

m almost all silver, copper, bismu j to, tellurium, and nntimonv 
ores Gravels nhich need not b«' „ 

treated for gold— alluvial gold— if ® 


In sometimes be profitably 
grams per ton bo present, 
of worthless material The 
Ig less thqn half an ounce of 


ireatea lor goia— alluvial gold— if , « 7 
that 18 , one part of gold per ^ m/,- 
mean of the returns for the B(and " tu 
gold per ton of materiol ^at^ «mcthin 

Properties — Gold ii^noss is yeilon*, ' it appears red if the light 
be refieoted many trihes from the surface of the metal before it roaches 
the eye ^Id Icafyis green or blue m transmitted hght , and if prcoipi- 
teted in a fine stare of subdivision the tmt vanes from red to dark brown 
very tmn films of gold are crimson or purple jin transmitted light. Gold 
or^tallizes in the oubio system It is one (of the most malleable and 
dumile of metals, sheets 0 0000004 mob tbiolc have been inode It is 
not quite so good a conductor of heat and elcMrioity os silver and copper 
Gold molts at 1062 4° , and the molten metal Appears green It bt^ns to 
volatilize at temperatures just above its boihfg point ICrafft and Berg 
feld say that the metal boils nt 2530° GolJ occludes o'wgcn, hydrogen, 

and carbon monoxide under suitable conditioj* " " 

air or oxygen at any temperature, hence the 
melal in contrast wnth laee wefuls— hko copn 
oxidized and lose their metallic character -vvh 
platmum are noble metals for the same rea 
argon and its congeners have been colled 
ohomically maotivo " 

Solvents for gold —Gold is scarcely affected by mine, sulphuric, 
an hydrochlorio aoids, but it is dissolved by aqua regia, by water 


Gold IS not acted upon by 
Jchomisis called gold a noble 
r, lead, tin, etc — srhioh are 
n heated in air Silver and 
bn as gold Tho inert gases 
fioble gases because they are 
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contduung the halogens chlorine, bromine, or iodine in solution , and by t 
solutions IS Inch can generate the halogens Gold is attacked by boilmgt 
feme chlonde solutions, hot sclenic acid- tellunc acid inth sulphnnc^ 
or phosphonc acid, alkalme sulphides and thiosulphates, perchlorates, f 
perbronudes, and periodides of the metals, iodic and penodic acids ■mthl 
hot sulphxmc acids, and by reactmg substances which give large quanbties( 
of oxygen — ^manganese diosade or potassmm. permanganate or nitnc acidi 
ATith sulphunc acid — and aqueous solutions of potassium cyanide when^ 
exposed to the air. Gold is not appreciably attacked by solutions of thef 
alkahes The freezing pomt of a solution of gold in mercury corresjiondst 
with a monatomic mole^e An 

Atonuc weight — Analyses of gold chlonde, gold bromide, and some 
of the aurates furnish values for the combimng weight between 197-05 
and 198 25 ; the best representative value appears to be 197 z This 
number probably represents the atomic weight judguig from the iso- 
morphism of the silver, cuprous, aurous and sodium salts, and from 
Dulong and Petit s method of approximation — specific heat of gold, 0 0316 

Uses — ^Bntish gold coinage contains 91 66 per cent of gold and 8 33 
per cent of copper This is called stealing or standard gold The gold 
comage of Sydnej mint has the same amount of gold, but silver is used 
m place of copper, so that the S\ dney sovereign is greenish-yellow The 
amount of gold in alloys is usually expressed m terms of the carat Here, 
1000 parts are divided mto 24 equal parts. Pore gold is 24-carat gold 
The sovereign is a 22-carat alloy because it contains 22 parts of gold per 
2 }^rts of other metals. The standard gold alloys recognized by law arc 
22 -, 18-, 15-. 12 -, and 9-carat or parts of gold per" 24 parts of allov Ware 
made by these standard alloyb can be “ hall-marked ” Amencan cold 
comage has 90 per cent of gold and 10 per cent of copper 


7 Gold— Extraction and Refining 

Washing proce^es — The amount of gold m a ton of ore is smaU, and 
m conseqnrace relatively krge quantities of ore have to be treated- Gold 
IS serrated from alluvial gravel by mecbamcal washing The specific 
^vity of gold IS so much greater than that of the assocLed mafrSfr 
that, when the mi^m of sand and gravel is agitated with uater mTar^ 

cradles, and the rocky matters floated off, the fine particles S 

of the cradles as “ gold dust ” This pnmitrre 
method of washing has been replaced by placer immnc in which 
oonta^g fte goW .s agitated m slm J.?hat toSa 

^h trai^ei^ elects along the bottom, and thtou|h uhich liSl 
streams of water flow The water sweens an w tho i PP^'^rnil 

gold collects on the bottom of the sluiws h heavier 

under high pressure is directed ao-auS The f 

■ttc “ earth ■ and gold are walS^SS the atafS « „ otT® 

TOO mitmig, the gold-hearmg qaartz js mined hv .J” 

quartz is crushed to fine powder in stamner millo ' j j 

by one of the following pSS 

an ^ “'“a ia Boated 

Ihe atone then hnia-nier copper plates .n.alBJSaSd“S‘m’ScX‘‘°''Se 
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particles of gold amalgamate intH the mercuiy After some time the plated 
are scraped, and the mereuiy removed from the sorapmgs by distillation 
QolSl remams bohmd m tlie retorts The “ tailings ” ■which have phssed 
oVor thb copper plates can usually bo profitably treated by the cyanide 
process, and more gold extracted 

Chlonnation ^irocess — Gold can be extracted from pyntes by the 
chlonhation process Tile ore is first rodsted, then ■netted, and exposed 
m revolvmg barrels to the action of olilorme gas The gold forms aurid 
chloride, AUCI3, ■tvhioh is extracted bj ■nater, and precipitated from the 
solution by ferrous sulphate, or by hydrogeh s^phide — ^followed by 
roastmg of the precipitated sulphide 

Cyanide ptocess — ^The pondeted ore is leached with a dilute aqueous 
solution of iiotassium cyanide (0 25 to 1 per “cent ) nhilo freely exposed 
to the atmospheric air Under these conditions* gold is dissolved as a 
double cyanide 4Au + 8KCy + 2H2O + Oj = 4KOH + 4KAuCy_, 
Gold IS precipitated from the solution cither by the addition of ziho 
shavings 2KAuCyj + Zn = K2ZnCy4 + 2Au , or by electrolysis The 
gold IS collected as a compact mass by fusion nith sodium carbonate and 
charcoal 

Gold Refining 

Gold 18 refined by one of the following processes 

1 Electrolysis — ^The anode is the alloy to be purified , the electro 
lyto IS a solution of gold chloride m hj'drochlono acid, and the cathode is 
pure gold. On electrolysis, fairly pure gold is deposited on the cathode, 
sdver forms silver chlonde which remains as a deposit about the anode 

2 Cupellation processes — Gold is alloyed •with an easily oxidizablo 
metal, say lead The alloy of lead and gold is heated m a stream of air 
in a furnace ivith a shallow hearth made of bone ash Tiic load is 
oxidized to htharge, PbO, which is then partly bloivn from the surface 
of the molten metal, and partlj absorbed by the bone ash A^Tien 
the gold appears as a bright disc, the operation is stopped and the gold 
removed If silver be present, silver and gold remam alloyed after the 
operation, and they must bo separated by some other process — say “ part- 
ing with sulphuric acid ” 

3 Parting with sulphunc aad — In the old process of parting silver 
and gold, known as quartation, an alloy of gold and silver, containmg 
less than 25 per cent of gold, was treated ivith mtric acid The silier 
dissolved os silver mtrate, and the gold remained bchmd undissolved as 
a broivn powder Partmg ivith sulphuric acid is cheaper Here the alloy 
w boiled with concentrated sulphuric acid, then ■ivitli nitric acid The gold 
IS not attacked, and it reniauis'bchind as a brown porous moss This is 
washed, dned, and fused mto a compact moss mth sodium carbonate 
and charcoal 

Colloidal Gold and Silver 

-H a solutioh containing 0*01 to 0 001 per cent of gold chloride be 
made slightly alkalme by the addition of magnesia, and then a few 
Mops of a redUciUg agent — formkldehyde* od of turpentme, aqueous solu- 
‘tion bf acetylene, solution of phosphorus in carbon disulphide, carbon 
monoxide gas, sodium hyposulphite, Na2S204,'etd — ^be added, the solution 
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■Rill probably acquire a ruby-red colour. MetaUic gold is present m the 
form of TOutute particles 'wjuoh. do not settle under the influence of 'gravity, 
and consequently remain suspended an indefinite time, and the solution 
can be filtered through paper unchanged Tlie solution is sometimes 
called Fafaday's gold, because it ■was studied by M Faiaday in 1867 The 
gold IB in colloidal solution bcoause the clear solution appears opalescent 
by TjmdaH’s optical test, and the particles can be perceived by the iiltia- 
nuoroscope Similarly, by the action of cortam leducing agents on soluble 
silver salts, Carey Lea (1887) obtained coloured solutions containing 
colloidal silver from nhich finely dmded silver was obtained coloured 
golden-yeUow, ruby, blue, etc 

The mctalbo gold can be removed from its colloidal solution by shaking 
the solution "with pieoipitated aluminium hydroxide, stanmo hydroxide, 
baiiiim sulphate Tlie dccoloriration hero resembles the decoloiation 
of coloured solutions by shakmg them yuth recently ignited charcoal The 
gold IS absorbed by the precipitatmg agent Animal oharcoal, if shaken 
with the solution, adsorbs the gold The addition of electrolytes — 'OOids, 
neutral salts and alkalies — changes the red colour to blue, then violet, 
and then black This is due to the coagulation of the particles of gold 
into clots The gold then settles to the bottom of the fluid 

When an insoluble precipitate is formed in the absence of electro- 
lytes by a reaction between two chemical compounds, it is almost 
always in the colloidal condition Tims if aqueous hydrogen sulphido 
be added to a solution of arsonious acid, a turbid yellow solution of colloidal 
arsenic sulplude is formed 2 H 3 ASO 3 + + OH 2 O If the 

precipitate be made by adding an aqueous hydrogen sulphide to a solution 
of arsemous chloride, a coagulated precipitate of arBenious sulphide is 
formed In the latter case, hydrochloric acid is produced by the reaction • 
?AaC3~ + 3 H 2 S ^ AsjS, + GHCl If some hydrochloric acid be added 
to colloidal arsemo sulplude formed os just indicated, the suspended colloid 
IS at once coagulated and precipitated Tlieso facts lUustrate a principle 
of great importance in quantitative analysis where successful ■work depends 
upon the fomatvon of an msoluhle precipitate which can he easily washed 
absorb^ mother hquid When a colloid w precipitated by an 
electrolyte, as when aluminium and feme hydroxides are precipitated hyl 
ammoma m the presence of ammonium chloride, the srit, ammoniui? 

coUoidal hydroxides into the gel condition Duimg 

the wasbng of the gel precipitate, the gel passes inib the sol condition^ 
because the coag^atmg salt is removed by washing Hence a solution of 
ammomum mtrate is used for washing aluminium and femt hvdSowde 
precipitates m order to keep the coUoid m the coagulated or 3 cStTo^ 
The ammomum mtiato is dnven off dunne tViR ^ 1 conoition. 

Gel coUoids are said to be reversible ^ 

into the sol condition by rSm? 4 c converted 

out the coagulatmg ekotrol^e frimi pre?m?LtS^ir®’ 

On the other handT irreversSle SoiT hydroxide 

h^drZrgoSr^^^ 

added to a very dilute solutZ^^oM hySted^ 

IS precipitated and the gold chlonde is redteJ^Sthe tS! °?he 
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precipitate of stamiic hydroxide may have tints varying from red to'violet 
according to the concentration and composition of the solution Tlus 
precipitate is called purple of Cassius because A. Cassius wrote a pamphlet 
— entitled De Avro — desonbmg its preparatJbn m 1686 The mode of 
makmg this substance was known to B Valentme in 1603 , and to J R. 
Glauber, 1660 It was used at that time for colourmg glass and enamels. 
The colour of purple of Cassius is due to the precipitation of finely divided 
gold on the stannic hydroxide Similar colours are made by precipitating 
gold on magnesium, calcium, and banum hydroxides, banum sidphate, 
zircomum oxide, alumma, lead sulphate, and ohma clay Purple of Cassius 
remains as a residue when alloys of gold, and tm with a large excess of silver, 
are treated with nitric acid , and when a gold tm alloy is vaporized m air 
The tm bums to stannic oxide, and it is at the same time stamed by the 
condensation of the vapour of metalho gold. The old view that purple of 
Cassius IS a compound of tin oxide and aurous oxide has been abandoned 
A “ purple of Cassius ” has been prepared with platinum m place of gold 

§ 9 Copper, Silver and Gold — Oxides and Hydroxides 

Tlie three monoxides CugO AgjO, and AuoO, are here mdicated m the 
order of their stabihty Cuprous oxide, Cu^'O, is the most stable of the 
copper oxides It is formed by heating copper or copper oxide in air to 
a high temperature, silver oxide, Ag^O, decomposes between 260° and 
300° , and aurous oxide, AujO, decomposes at about 260° Similar 
remarks apply to the hydroxides The heats of formation of copper and 
silver monoxides are CujO, 40 8 Cals , AgjO, 6 9 Cals In spite of the 
fact that silver oxide is decomposed at a red heat, silver appears to unite 
mth oxygen to form AgaO at about 1400°, and unless very rapidly cooled, 
it will decompose at the lower temperature This phenomenon is con- 
nected with the inversion of the thermal value of reactions at elevated 
temperatures previously discussed. 

A series of well defined salts correspondmg with AgjO are known — 
Silver nitrate, AgNOg , silver sulphate, AgjSO^, etc With the exception 
of silver carbonate, Ag^COg, these salts do not appear to be hydrolyzed 
by water Cuprous sulphite and cuprous thiosulphate — CugSOg and 
CuoSgOg — are known, cuprous sulphate, CU2SO4, probably exists in 
aqueous solutions of cupnc sulphate m the presence of metallic copper 
Cu+ CuS04^Cu2S04 This action, however, must be very shght at 
ordmary temperatures but in the case of ammomacal solutions, a colohr- 
less ciystalhne salt, CU2SO4 4NH3 HjO, heen isolated If methyl 
sulphate, (CH3)2S04, bo brought in contact mth cuprous oxide, in the 
absence of water, at 160°, cuprous sulphate is formed (CH3)2S04 + CujO 
= CU3.SO4 + (C^),0 The salt is washed with ether, and it is fairly 
stable if moisture be absent With hydrochloric acid, cuprous chloride, 
CuCl, IS formed , with dilute lutric acid, cupric mtrato , and with sulphuric 
^'acid, cupnc sulphate , and aurous oxide, AUgO, like cuprous oxide, 
exhibits httle tendency to form salta Aurous sdphite and aurous thio- 
sulphate have been reported, but they are probably solutions of colloidal 
gold reduced by sulphur dioxide or by thiosulphate 

Cuprous oxide is precipitated when an aqueous solution of an alkaline 
cuprous salt is reduced by glucose or by an arsemte , and it is also 
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precipit-ated as a yellow powder when an alkaline hydroxide is added to 
a cuprous salt Silver salts under the same conditions give a chocolatc- 
brovm powder which is somewhat hydrated It is not ^ver hydroxide, 
AgOH, but IS probably argentous oxide, AgoO It is shghtly soluble m 
water (one part of the oxide dissolves m nearly 3000 parts of water) , the 
solution has an alkalme reaction and metalhc taste Silver oxide is reduced 
by hydrogen peroxide to metalhc sdver, and it rapidly oxidizes sulphur, red 
phosphorus, arsemc sulphide, and antimony sulphide often inth mcan- 
descence Both silver and copper monoxides — AgjO and CujO — ^when 
precipitated by ammonia, are soluble m an excess of the reagent On 
standmg, the silver oxide solution deposits black shining crystals of 
“fulnunatmg silver,” which is explosive, particularly when dij It is 
often stated to be silver lutnde, AgaN Athrous hydroxide, AuOH, is 
said to be formed when potassium hydroxide is Wded to auroiis bromide 
The Tiolct-broivn colour^ solution maj contam aurous oxide m colloidal 
suspension The coagulated powder is shghtly soluble m water and m 
alkahes It is decomxiosed bj hydrochlonc acid 

Cupnc oxide, CuO, is formed as a black hjgroscopic powder when 
copper is heated m am or m oxygen, or by the calcmation of copper nitrate, 
carbonate or hydroxide. When heated to a high temperature, cupnc 
oxide cakes, fuses, and decomposes giving a mixture of cuprous and 
cupnc oxides and finally cuprous oxide Cupnc oxide, when heated is 
reduced to the metal by reduemg agents— hydrocarbons, carbon monoxide, 
hjdrogen, etc When an alkalme hjdroxide is added to a cold solntion 
of a ouprio salt, pale blue cupnc hydroxide, Cu(OH)„ is precipitated 
If the hquid be boiled a black substance is formed, possibly a mixture of 
Cu(OH )2 and CujO It is difficult to wash aw^ay the alkahes from the blue 
precipitate Boilmg water converts it mto cupnc oxide The blue pre- 
cipitate IS soluble m an excess of alkab, fonrnng a blue solution Tlic 
wlution of cupnc Jiydroxide, CuCOH)^, m aqueous ammonia is cidled' 
S^tce^zers reagent It dissolves cellulose (cotton wool, filter'l^aTOr, 
f cellulose hke substance is reprecipitated when the solution is 
acidified with hydrochlonc acid. 

“^nc ojode, AujOj —Silver has been reported to form an oxide corro- 
spontog with cupnc o^de When a solution of potassium hydroxide 

alkali, forming a complex salt, potassium aurate KAnH wiit i 
pitated by the addition of ratric Sd ^hich is preci- 

AaO IS supposed to be an aurous auretA^A,, a n ^ 
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Au.AjCl^ 'When a solution of gold ohlonde is treated with ammonitk, a 
ydlow precipitate of explosive fulminating gold ” is obtained Its 
molecular composition is somewhat uncertam , ifd cmpinoal composition 
IS said to be AUE2H3 3 H ,0 

Copper 18 said to form a copper quadranto oxide, Cu^O, acoordmg to 
Rose, when an alkalme solution of oupnc ohlonde is reduced with an alkahue 
stannous ohlonde , and silver is said to form silvefquadranto-oxide, Ag40, 
when silver citrate is reduced m a current of hydrogen at 100 ° , extracted 
with water , and treated with potassium hydroxide The evidence is 
mdecisive Cold, apparently, does not form a similar sub oxide, althotigh 
some say that AugO exists The alleged suboxides may be mixtures of 
the respective metals with higher oxides 

Copper dioxide, CuOj, is formed os a yellowish brown powder when a 
dilute solution of hydrogen peroxide acts upon oupnc hydtoxido The 
product prepared m aqueous solution is always impure owmg to hydrolysis, 
and ethered alcohoho solutions are preferred The compound is unstable, 
and when treated with dilute acids, it gives a cupno salt and hydrogen 
peroxide Hence it is probably a superoxide 

Silver peroxide, AgjO, — ^The block powder which collects at the anode 
when silver mtrate is electrolj'zed is considered to bo silver pemitrate, 
AgN04, or a mixture of this with silver peroxide The product soon 
decomposes, forimng a silver peroxide When dissolved m acids, silver 
peroxide gives oxygen or ozone , and when slowly acted upon 1^' water 
it gives hydrogen peroxide AgjOa + HjO = AgaO + HaOo Hence Men 
deleeff would consider it to be a superoxide Ag — 0 — 0 — Ag Silver 
peroxide dissolves m aqueous ammoma with the evolution of nitrogen 
SAgnOj + 2NH3 = SAgjO 4- 3H3O + N, Gold does not give a peroxide 
When potassium persulphate reacts with silver phosphate, argentic oxide 
with the ultimate composition AgO is formed This does not give hydrogen 
peroxide with acids, and it appears to be a basic oxide resombhng oupnc 
oxide, CuO The same oxide seems to be formed when siher is used as 
anode in the electrolysis of water m an alkalme solution If the solution be 
acid, a silver sesquioxide, AgoOg, is said to be formed 


§ 10 The Family Relationship of Copper, Silver, and Gold 


These three elements are generally classed together m so called “ ^ste 
matio chemistry,” and they are furthermore considered to be related wnth 
the alkah metals The copper group of elements is generally hnked with 
the alkali metals by the scheme mdioated m the margm, which 
starts with the elements with the lowest atomic weights 
The fault with the scheme is that it makes the rolationsbip 
appear far closer than is indicated by knoivn facts If wo 
recall the relationship botneen the members of, saj, the alkah 
metals, and the halogen fanuhes, the relationstep between the 
mdividiial members of this so called family and with the alkah 
metals is strikmgly obscure The student might well mquire 
uhy these elements are grouped together at all, and cogent 
leasons might bo urged for groupmg gold ivith platmum, sdvei 
ivith palladium, and copper mth moioury The reason nhy this is not 
done will appear uhen wo take a general smToy of all iho elements 


Li 

I 

Na 

k\ 

Rb 

All 



COPPEE, SILVER, AE® GOLD 391 


Rettraung to the elements copper, silver, and gold, the physical properties 
may he tabulated 


Table XXVI — ^Pm sic P kopebties of Coppeb, Silver, avd Goi.t> 


— 

Copper 1 

1 Sih er j 

1 1 

Gold 

Atomic weiclit 

63 6 

r 

107 88 

197 2 

Specific gra\ ity 

8 93 

10 40 

19 206 

Atomic \ olumo 

7 07 

10 20 

10 11 

Melting point 

1082 6“ ' 

960 0° 

1062 4° 

Boihng point 1 


1056° 

2200° 

Latent heat of fusion (cals ) 

43 1 

24 36 

16 3 

Specific heat 


0 065 

1 

0 030 


In malleabihty, ductility, and tenacity, silver is mtcrmediate hctween 
copper and gold Mhile the large atomic volume of the alkali metals 
•was associated vnth great chemical activity and affinity for osygen, the 
low atomic volume of these elements is related “with their weak affimty^ 
for osygen, etc Copper, for instance, is alone osidized in air The o-ades 
of copper, silver, and gold are easily reduced, -while the oxides of the alkali 
metals are reduced mth great difficulty The reduction of copper, silver, 
and gold by magnesium is the more energetic the greater the atomic weight 
of the metal— cuprous oxide reduces easily silver oxide reduces with 
explosive violence, and gold oxide breaks down mto its constituents below 
the igmtion pomt of magnesium .Silver appears to bo mu-, bi-, and 
ter-valent, but copper is bothum- and bi -valent, and gold is uni- and 
ter-valent Hence these three elements have umvalencv m common 
watb the alkah metals Cupnc salts are isomorpbous with iron, cobalt 
and nickel The isomorphism of the silver and sodium sulphates and 
selenates mdicates a relationship of some kind between silver and 
sodium. The alkah halides, hkc silver chlondc and bromide, crystallize 
m the cubic ^em— silver iodide, crystallizes m the hexagonal system 
and the crystals pass mto the cubic system at about 146°— on coohnc the 
reverse change takes place— sometimes with explosive violence Silver 
seems to be related with copper through argentic oxide, AcO, where sflrer 
appears to be bi-’ralent, silver pyndme persulphate, Ag 3 S,Og 4 Py ig 
jomot^o^ with the analogous copper pj-ndme pereulpfete. Cu&A 
through silver sesqmoxide, AgoO,, and -with ‘the 
alkahw through arge^^ous oxide, Ag^O, and with the magnesium fL,lv 
The rnore sahent differences betweS co^“ 
the a^h metals are (1) The elements of the alkah metals have n. 
small density, the other metals have a lame den'^itv (2) fhp nllrni ^ i 

do notoccnr free, (3) the elements of The aSf 

active, the others not so , (4) the haloids of the alkalies are all snlny^lo ^ 

water, and are not hydrolyzed by -water coTOv»r nn,! i e soluble m 

soluble haloids, and the Soids of copper anSd 

lyzed by water (5) The oxides and h^oLdes rf 

basic , the oxides and hydroxides of copper and cold atp rilw ^ strongly 

they acoordmgly form basic salts (6) The alimh mptnl and? 

coMple. .alt. whetoos ooppet. .Uver, i.Jd 
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Questions 

1 Dcsenbo tlio («jccpi'<i\c phonomona observed wlicn nmntnnium b>dro\idti 
solution IS added, drop b\ drop to n solution of cupno sulpimtc nnd indicnto by 
formulic or equations tho nature of tbo changes uliieb occur — JMa/isachuattta 
Polytechnic Inst , V S A 

J — (a) In tho Inbornlorv sou passed drj bjdrogon oser copper oxido ubicb 
was boated in n tube Ifoir does this experiment iMiistmto nn niinh ticnl reaction , 
n Rjntbotio reaction, oxidation nnd reduction T (b) 11 jou ntarted snth nn 
unknown mixture of copper oxide nnd copper, snv 10 grams, nnd nftor beating 
nnd passing hydrogen o\er it tlio resulting weight of puro copper wns 0 2 grams 
how much of tho onginnl weight of tho 10 grams sras copper oxide nnd hon much 
wns metallic copper 7 — IPorerstcr Pobfiechnto Jnal USA 

3 — (fl) Show tho nnniogx between tho reactions of copper on nitric acid nnd 
copper on Bulphuno ncid {b) \\ lint products nro formed from tho concentrated 
milphuno ncid when tho latter is warmed nth potassium iodide 7 (e) AMint 
reason hn\o you for thinkmg that no nascent hydrogen is furmcxl in the reactions 
mentioned under (a) ’ — 4tiiherfl Coll U S 1 

4 It IS desired to obtain puro copper nitrate, the onK source of copper at 
hand being n complex solution of lend cadmium, copper, niid inerciiroiis nitrates 
Using this solution as tho soiirco of the copi>cr, how mn\ n new solution of copper 
nitrate bo prepared 7 — Maaaachuatll^ In^t^ of Tcehnoloqu U A 1 

C An unknown qunntiti of potassium brqmonurnto KAuBr 4 on lieing lionted, 
left 0 0246 grnms of n mixture of nictnllie gold hnd iiotnssiuin bromide The mass 
on being treated with water left 0 18007 grams NOf gold The solution of KBr 
required 3 18610 grnras of siUor for total pncipitntion bv Rtns’ motliod, nnd 
iiflordod 6 80143 grams of silior bromide Theso diho afford three indipendeiit 
values for tho atomic weight of gold which you \ro required to cnlciilnti 
(K =; 30 03 , H s= 1 , 0 = 16 00 Ur = 70 70, Ag = 1^ 00) — icicnec anti 4r/ 
Vept \ 

0 Whnt takes place when hyilrogen is passed oxer rAd hot copper oxide * 
How has this reaction been npphrd to determine (a) tho iVimposition of xviiltr, 
(b) tho atomic xrcight of copper 7 Whnt siieeinl nrecnutionv imi“t be obsirxcii 
in enoh enso in order to obtain accurate results 7 — iMtidon f/n^i 

7 A chemical mniiufactiir<.r gix es out n kilogram of motiilli^ silx or to be made 
into Bilxer chloride how much silxcr elilondn ought to belrtliirned b\ tho 
workman, supposing tin iixoragt yidd is 1)9 S per cint of tho IhVortticnl 7 
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SULPHUE AND ITS HyDHOGBN OojIPOUNDS 


Atomio woielifc S = 32 07 , molecular weight of solid, Sg — 260 50 , of \apour 
at 1000™ 8^= 04 U Melting point of rhomliic sulphur, 113<>-116“ , monoolin.o 
sulphur, 119'’-! 20°, boihng point, 444 7® Relative vapour density depends on 
temperature (air = 1), 0 0 to 2 2 


§ I Sulphur— Occurrence and Preparation. 

Tptb element sulphur has been known from the begmmng of history tt 
IS mentioned in the Bible and in Homer It was placed among the elements 
by Lavoisier, but for some time previously it was regarded as “the 
principle, of fire ” The name is derived from the Sanscrit siilven thiough 
the Latin sulphunum 

Occurrence — Sulphur is widely distributed in nature both as free and 
as combined sulphur Deposits of free or native sulphur occur in volcanic 
(bstriots, Iceland, Italy (Romagna, Marken, Tuscany, Campania, and 
Calabria), Sicily (ohiofiy in the south), Greece (Island of Milo), Russia, 
Austria-Hungary (Radoboj and Swoscowice), South Franco, Spain, Asia 
Minor, Persia, India, Palestine, Algeria, Morocco, Japan (Sulphui Island) 
New Zealand (White Island, etc ), United States (Lomsiana, Oregon, Utah, 
Nevada, Wyoming, Texas), Mexico (Popooatapotl), Chili, Peru, etc 

There are two mam types of native sulphur (1) The solfataric type ^ 
found m lava fissures and in extmet volcanic vents (Japan, Mexico) 
Deposits of this type are forming at ttie present day in volcanic districts 
from the mutual action of hydrogen sulphide and sulphur dioxide which 
occur among volcanic gMes (2) The gypsum type The sulphur appears 
to have been hberated from gypsum by the reduomg action of bituminous 
matters found associated with the g3rpsum Calomm sulpludo is probably 
formed from the sulphate , and this, by the action of water and carbon 
dioxide forms sulphur, calcium carbonate and hydrogen sulphide Tlio 
Sicihan deposits and perhaps the more important sulphur deposits are of 
this type 


Sulphur 18 olso o product of the life action of certam bacteria— Bcouiatoa alba 
and Ohromalium Okeim Just as plants and animals derive energy and heat bv 
the oxidation of oUrbon, so do these bactena appear to got theur energy ond heat 
by the oxidation of sulphur It is estimated thot 26 per cent of their bodv is 
sidphur The sulphur occurs in the bodies of some vaneties os smaU granides 
The bacteria theory of the ongm of sulphur assumes that some sulphur b^s have 
been formed by those orgamsms ^ 


I Solfatoa-a volcamc vent or volcamo area wluoh gives oft sulphurous 
vapours, steam, etc , and which probably represents the l^t stages of volcmuc 
tiotivity ® 
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Many important metallio ores are sulphides, that is, compounds of 
sulphur with one or more metals Thus, galena (lead, sulpludo, PbS) , 
zinc iUnde (zmo sulphide, ZnS), cinnabar (mercury sulphide, HgS), 
slibmte (antimony sulphide, SboSg), copper pyntes (CujS, PejSa), non 
pyrites (iron sulphide, FeSj), etc Some important sulphates also con- 
tarn sulphur, c g gypsum (calcium sulphate, CaSOj) , heavy spar (barium 
sulphate, BaSO^), etc 

Sulphur occurs m many orgamo compounds, and in animal and vege 
table products omons, garhc, mustard, horseradish, hair, many oils, 
eggs, proteids, etc Hydrogen sulphide is found in the water of many 
sulphur spnngs 

The extraction of crude sulphur — K httle sulphur is obtamed from 
iron pyntes , from the by products m Leblanc’s soda process (qv), and 
from the spent oxide of gasworks (? w ) Probably 90 per cent of the 
sulphur used in the world comes from Sicily, and Lomsiana The “ sulphur 
earth ” in Sicily occurs in lodes mixed with limestone and gypsum The 
amount of sulphur in “ workable ’* ore vanes from 8 up to aliout 25 per cent 



Fio 147 ~-CaIoarono or Sulphur Kiln (Diagrammntio Section) 


Hie sulphur is separated bv heating the ore, and allowmg the molten sulphur 
to flow away from the mmeral impunties This is effected by stadkmg 
the ore on the sloping floor, Fig 147, of a oiroular kiln without a penuaneflt 
ro^ The kilns are called In stacking the ore, air spaces ore 

left at intervals to serve for ventilation The stack is covered with 
powdered or burnt ore The sulphur is igmted near the bottom A portion 
of the sulphur acts os fuel, and melts the remamder which collects at the 
louest pomt of the inolmed bottom of the kiln After about five days, a 
plug at the lower end of the loin is removed, and the §ulphur is run into 
small wooden moulds Tlie opemng is closed t6 bo reopened day by day 
until, in from three to five more days, the sulphur ceases to flow 

About one third of the sulphur is lost m the calcarone system of ex- 
traction It IS, however, cheaper to use the sulphur as a fuel than to im- 
port coal The loss, however, is excessive even then, and in consequence, 
wie calMrono method is being displaced by more economical kilns — 
GUI s kilns— which are worked m sets Tlie products of combustion from 
one loin pass mto the adjacent kiln and there do some work before 
csoapmg mto the atmosphere In H. Frasch’s method (1891), used at 
Louisiana, the sulphur is melted f« situ Pipes are driven mto tjbe sand 
and superheated water is forced mto the lode The molten sulphur 
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collects in a cential ■well from wluoli it is 'raised to the suifaco by 
compressed air 

< The purification or refining of crude sulphur — The orudO sulphur 
ftom the kilns — also called “ brimstone ” — ^is graded and put on tlie 
market It may be afterwards punfifed by distillation from a retort which 
opens mto a large bnokwork chamber TSio sulphur vapour condenses m 
the chamber The first lot of vapour sublimes as a hght ponder on tho 
walls.! This powder is called Jloioers of sulphur ^ the condensing 
chamber gets hot, the condensed sulphur melts and collects on the floor 
as a hquid which is draivn ofi from time to time and cast into largo 
•v^ooden moulds — rod, sulphur, or ih cyhndncal wooden moulds — roll 
sulphur 1 

Uses — Crude sulphur is used in making sulphui dioxide for bleaohhig 
straw, wool, etc , for the manufacture of sulphites for bleaching wood 
fibres, etc , and for the manufacture of sulphuric acid It is also used in 
makmg carbon disulphide Purified sulphur is used in making gunpowder, 
matches, colours, vulcamte, etc , and also medicmally Flowers of 
sulphur 18 used as an mseotioide and fungicide 

§ 2 Rhombic, Octahedral, or o-Sulphur* 

Ordinary sulphur is a pale yelbw buttle solid, without taste or smell 
At — 60° the sulphui is almost colourless Sulphur is commonly found 
in rhombic or octahedial crystals 
ivith a specific gravity varying 
from 2 03 to 2 06 It is a bad 
Conductor of hbat and eleotnoity 
If a stick of roll sulphur be held 
m the hand it begins to crackle 
and breaks owmg to unequal ec- 
pansion by tho heat Sulphur jis * 
practically msolublo in waw , i 
spanngly soluble m alcohol and' 
glycerme , more soluble m 
essential oils , and readily soluble 
in sulphur chlonde, SaClj, and 
carbon disulphide, CSj Foi 
instance, 100 grams of carbon 
disulphide at 0° dissolve 22 ams 
Of sulphur, at 20°, 418 grans 
and at 40°, 100 grams If "ihe 
solution m chloroform or carbon 
disulphide be allowed to stand at 



Flo 


148 ““Rhombic or a Sulphur 

ordinary tem^ratures, crystals' pf sulphur are deposited Us the 
evai>orates The appearance of the crystals is shown h-tr thn i ® 
mg 1« Amdeafcrystal .B 

cent of flowers of sulphur consists of tfi^crvstnlfl tS + P®*" 

occurs in this form The ciyslals are omte rftaWn ^^ativo sulphui also 

This oiystallme form of sulphur is caS “ a ^Lkm 

Or octahedral sulphur ” Keaily thirty diSoteSt f^Rf^ii^ 

of the ihombic type of ciyrtallme sulphimhave beeTm^rted iSd S 
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faob leaves us some misgiv'ugs aljoub the rigid exactness of R J Hauy's 
law (p 173) \ 

Sulphur umtes with osygen when heated in air It ignites at about 
863°, and at about 282° h^ted m oxygen The vapour pf sulphur 
Ignites at about 285° in air At 100° sulphur is oxidized in oxygen gas 
at a measurable rate Oxidation, even at ordmary temperatures, can bo 
detected Emely divided sulphur oxidizes slowly in moist air, forming 
sulphurous and sulphuno acids Hence these two acids can nearly always 
bo detected in commercial flowers .of sulphur, while roll sulphur is almost 
free from these aoids Sulphur also umtes readily ivith many metals, 

I foiming sulphides Heat is usually required to start the reaction -The 
combination is often attended mtli inoandesoonco Examples with iron 
and zinc have been indicated on p 20 A strip of copper mtroduocd into 
the vapour of sulphur enters into, combination wth vivid combustion. 


Sulphur combmes ivith carbon at 
I — GSg , with chlorme at the boiling 
at the same temperature 


§3 



red heat, formmg carbon disulphide 
imt of sulphur , and wth hydrogen 


abc, or /S-Sulphur 


Monoclinic, Pnstl 

In 1823 E Mitscherhch announced^ the fact that the element sulphur 
can bo crystallized in two distinct forms , and concluded that a substance, 

'whether simple or compound, 
may assume two different 
Crystalline fonns, p 179 If, say, 
600 grams of sulphur be melted m 
a' clay or porcelom erueible and 
the mass allowed to stand until 
a surface crust is formed, beauti 
fuS long prismatic needle - like 
crystals of waxy yellow snlphui 
■wjjl bo found to have groivn on 
the walls of the oruoible, and on 
theuinderside of the crust when 
the \cru8t is pierced, and the still 
fluidl sulphur is poured away 
Thesftmonooluuc pnsms of sulphur 
have . many properties different 
from j ordmaiy rhombic sulphur 
just/ discussed The speciflc 
gra,hty, for instance, is 1 03, in- 
steijd of 2 04, and the meltmg 
Both yarieties are soluble m carbon 
disulphide Some crystals of monochmc/ solphnr are illustrated in Fig 
149 along ivith an outbne sketch of arl ideally perfect crystal This 
form of sulphur is called “ sulphur,” “ mdnoolimo sulphur,” or “ pnsmatio 
sulphur ” \ 

In about a day’s time, the monoohmo\ piisms become hght yellow, 
opaque, bnttlo, and erumblo into powder the slightest touch Tlio 
grams of powder are small rhombic cry^stals otf a sulphur If the rhombic 
crystals bo kept a few hours between 108°Jl(,nd 112°, they also become 



Fro 140 — Monochmc or p sulphur 
|pomt IS 120° m place of 116° 
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opaque and cliango to a fnablo crumbling mass of monoolinio pnams 
The two reactions are thus reversible Experiment shows that the mono- 
clime pnsms are unstable below 94 5°, and slowly pass into the rhombic 
variety The change is accelerated by wettmg the monochrac pnsms mth 
carbon disulphide, or by bnnging the monocbnic sulphur in contact with 
a ciystal of the rhombic vanety Conversely, the rhombic sulphur is 
unstable above 94 6“, and slowly passes into the monochmc vanoty With 
the notation previously emploj'ed, the change is symbolized 

94 5 “ 94 6 “ 

Srhombic ~ Smonoclmio » or a S P S 
Hence, 94 5° is a tra nsition te m peyaturo. 

The monochmc crystals ]ust mdioated were studied by E Mitsohcrlich 
in 1823 There are, however, two other vaneties of monochmc crystals 
with angles somewhat different from the variety lUst 
mdicated. In 1884, D Gemez prepared what he called 
“ soufre nacr6,” nacreous sulphur— from the French 
nncrc, mother-of-pearl — as follows — 

Heat sulphur m a scaled tube with benzene, or toluene, 160 — Kacrcous 

carbon disulphide, alcohol, etc , so that there fs no undissoU ed Sulphur 

sulphur in the tube when the tube is hot Then imhicrBO 
ono end of the tube m n freezing mixture formed, say, by dissolving nnimonitmi 
nitrato m cold water Long nacreous flakes scpilrato at the cold oiid of tlio tubo 
and gradually extend into the remammg solution 

1 , monoohmo crystal of naorcohs sulphur is illustrated m 

Jig 1^ Similar crystals were made by E Mitschcrhoh in 1823 bv 
the foIio\\mg method — 



Saturate an alcolmho Solution of sodium sulplndo with sulphur, filler off Iho 
dear reddish coloured supernatant hquid, and, after adding a little more ukollol 


• W Muthmaim (1890) noticed that in preparing nacreous sulphui by the 
mefhod ]TOt mdicated. hexagonal plates— tabular sulphur-isomctnura 
separate from the solution when the temperature is 
about 6 , but not about 14° These crystals also 
belong to the monochmc system An ideal crystal^ 

IS lUustrated in Fig 161 Although the three Urns 
of crystols just named belong to one system, the in- 
torfacial angles are not the same Thus, the angle Pig 161 -Tabular 
^tween two important faces of one of the oivstals Sulphur 

mi, and ^ tabular crjrstals. Fig 151, 75“ 68' ^ ’ 

The rhomEc crystals (Fig 148) are sometimes calledTduthinati«» c 
the monochmc crystals (Fig 149), Muthmarm’«! «; fi,o s Si , 

Wg 150), _ s.„ '■ and^” a “ 

Muthmann s S,^ In addition to the cryst allin e vanefaps nf m f 'F ’ 

considered, two others, of no paitacular SipoSrm Z urT 

have been reported, namelv, G TViPHAVa * / , present study, 

LXists 111 uvo or more ciystalhno forms jt is ^id n i 
ir™ lUc Glc«k (polu,). 
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sulphur IS polymorphous If a substance ovists in two difloront orystal- 
Imo forms, it is said to be dimorphous — from tho Greek Sfs (dis), tivico. 
Ammomum lutrato and calcium carbonate are examples. 


§ 4 Sulphur and the Phase Rule 

By plotting the vapour pressure curve of rhombic sulphur at different 
temperatures, ivo got the curve Fig 162 , similarly, by plotting the 
vapour pressure curve of monoolimc sulphur, wo get tho curve OiOo , this 
variety of sulphur melts at 120 °, however, by contmuing the vapour pressure 
curve of the hquid, we get O^Q By plotting the transition points of rhombic 
sulphur at different pressures, we’geE’the“burve O 1 O 3 , ahffTiy plotting the 
melting point of monochmo sulphur at different pressures, we get tho curve 
OgOg Monochmo sulphur cannot exist at pressures hi^or than that repre- 
sented by the pomt O 3 The contmuation of tho curve OgJV represents tho 

effect of pressure on the melting point of 
rhombic sulphur This diagram, Rg 162, 
should bo compared with Fig 66 for water 
In Fig 162, wo have tho additional com- 
phcation corresponding with the two forms 
of sulphur now under consideration Tho 
phase rule enables us to form a very clear 
idea of the conditions of equilibrium 
IVhen tho condition of tho ^stom is repre- 
sented by a pressure and temperature 
corrcspondniK ivith one of tho three triple 
points — Oj, Oj. Oj — ^the system is in- 
variant, and* any change in temperature 
or pi-essuro will load to tho suppression of 
one of the three phases , pomts on one of 
tho curves — PO^, 0^0^, O^Q, etc — ^represent 
univanant systems , and points m one of 
tho three regions — PQ, QO^, NO^P — 
It wall of course bo obvious that wo 
are here deahng wath the one component sulphur, and four possible 
phases — sulphur " apour and hquid, and rhombic and monodmic sulphur 
Can all foitr pnases exist under any conditions of temjieraturc and 
pressure in a state of equihbnum T Aocordmg to tho phase rule, the 
variance of such a system will be 1 — 4-1-2 =— 1 This is on impossible 
value Such a system would not be m a state of true equihbnum Tlio 
pdotastable States, or states of false equihbnum are mtcrestmg Tho 
QO^ and the PO^ curves meet at a point corresponding with tho tern 
poraturo lli 6 ° This is the meltmg pomt of rhombic sulphur If tho 
transformation of rhombic to monochmo were very fast, it would bo 
impossible to state the melting pomt of rhombic sulphur, because it would 
pass mto tho monochmo form before a determination ooidd bo mode Tho 
upivard left-to-nght slopes of^the curves OiO^ and 0^0^^ correi^ond with 
the fact that tho meltmg point of sulphur is raised by mcroasing pressures 
Tho converse was true m tho case of 100 , Fig 66 , and in consequence, 
tho corresponding curve sloped tho opposite way 



34 ^ 14 ^ 120 '’ Temponituro 

!Pia 162 — Vapour Pressure of 
Sulphur 

represent bivanant ^steins 


• T^heso curves aro exaggerated m the diagram 
the pnnoiplea under disoussiou. 


That, however, does not affect 
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§ 5 Amorphous or Colloidal Sulphur. 

Sulphur exists in at least two different colloidal or amorphous condi- 
tions m which no signs of crystallization can be detected under the 
microscope. The term amorphous is derived from the Greek a, without , 
/topipfi (morphe), form One of the amorphous forms is soluble m carbon | 
disulphide, the other is not If hydrogen sulphide be passed into aj 
saturated aqueous solution of sulphur dioxide at 0°, or if an alcohohcj 
solution of sulphur be poured into water, or if a satorated solution ofj 
sodium thiosulphate be mixed with twice its volume of concentrated! 
hydrochlono acid, and cooled to 10°, colloidal, soluble, or 5-sulphur is | 
formed 

Action of heat — Sulphur is pale yellow at ordmary temperatures, . 
and almost colourless at —50°, and at 100° it is mtense yellow If aj 
piece of ordmaiy rhombic sulphur be gradually heated in a test-tube, the < 
sulphur crackles and falls to pieces as indicated above As the temperature | 
rises, the sulphur melts to a clear, hmpid, amber coloured hqmd between j 
113° and 116° , the colour darkens, and the hqmd loses its mobihty, until,* 
at about 162°, the mass is almost black, and so viscid that the te^tube | 
can be turned upside down without pounng out the sulphur The vis-i 
cosity reaches a maximum at about 180°, for os the temperature nses still [ 
higher, the dark colour remains, but the mass becomes more and more' 
mobile until, at 444 5°, the hqmd begms to boil, forming a reddish orange \ 
vapour If the hquid be allowed to cool, the sulphur undergoes the same | 
changes, but in the reverse order If the vapour bo heated still higher, it f 
becomes deep red at 500°, and straw-yellow at about 660° 

Molten sulphur — and M-sulphur — ^If sulphur, heated to about 
350°, be poured mto cold water, a tough clastic material resembhng 
indiarubber — called plastic sulphur — ^is obtamed Plastic sulphur is 
also obtamed by dMilhng ordmaiy sulphur from a gloss retort and 
allowmg the diddled hqmd sulphur to flow mto cold water A 
long contmuous thread of plastic sulphur is then obtamed. The specific 
gravity of plastic sulphur is about 1 96, nearly the same as monoclmic 
sulphur, but unhko the crystalhne vaneties, this iorm of sulphur 
can be moulded between the fingers, and drawn mto somewhat elastic 
threads Plastic sulphur is a sujiercooled hqmd which has been humed 
past its crystaUizmg temperature and cooled so low that it has formed 
a viscid mass The case is analogous with that studied on p 166 — 
supercooled sodium thiosulphate Plastic sulphur slowly^ crystallizes 
on standing The change is accelerated by rubbing the mass, and is 
fairly rapid if the mass be heated to about 100° The latent heat of 
sohdifioation — correspondmg with about 9 4 Cals per kilogram — ^is evolved 
when the plastic or supercooled sulphur crystallizes Amorphous “solids ’ ’ 1 
are in nearly every case to be regarded as supercooled liquids which f 
have not taken up the stable crystalline condition ‘ 

If o-sulphur be melted at a low temperature, and the pale yellow 
hqmd be suddenly chilled, the crystalline product is almost completely 
soluble m carbon disulphide, while, as mdicated above, if the dark brown 
hqmd which is obtamed when sulphur is heated to a higher temperature, 
bo simihily treated, it forms an amorphous moss almost all insoluble m V 

1 A trace of lodme retards the action 
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carbon dimilphido It is therefore inferred that molten sulphur sontaina 
|a mixture of two varieties of sulphur — ^the pale yellow mobile fluid, called 
jA sulphur, and the dark brown visoid fluid colled /* sulphur When 
fA sulphur solidifles it forms crystalline « or /3 sulphur soluble m carbon 
^.disulphide , and when n sulphur solidifies it forms an amorphous plastic 
'moss insoluble in carbon disulphide The proportion of sulphur soluble 
and insoluble in carbon disulphide m solidified sulphur depends on the 
^relative amounts of Sa and present in the fluid at the time of sohdifl- 
1 cation Espenment shoivs that there is a defiratc relation between the 
[relative amounts of the two varieties present in a system in equihbnum at 
a defimte temperature Thus, molten sulphur at 114 6“, if suddenly oon- 
J gealcd, furnishes a mass which contains the equivalent of 3 7 per cent of 
' /i sulphur, and 94 3 per cent of A sulphur Ordinary plastic sulphur con- 
‘ tains the eqmvalent of about one per cent, of A sulphur and 99 per cent 
of p-sulphur Ordinary rhombio sulphur has about 3 4 jier cent, of the 
flrst vanety, and it is estimated that if the latter were absent the melting 
pomt would be 119 26°, not 114 6° , similarly with monoclmic sulphur, the 
meltmg point would be raised a couple of degrees The proportion of /i- 
sulphur appears to morease with nsmg temperatures, and for each tempera- 
ture there appears to he a defimte oqmhbnum constant corresponding with 
f the reversible reaction Sx ^ S,, The system takes some time to attain 
cqiulibrium under any given conditions The presence of sulphim dioxide 
and hydrogen oliloride retard, wliile ammonia accelerates the speed of tlio 
change We may thus summarize the notion of heat on the different forms 
of sulphur 


04 5" 120" 160" 444 6" 1000" 

^ ^ ^11 _ - - 


bolid Liquid Vapour 


Amorphous sulphur soluble and insoluble in carbon disulphide — 
I^t slaked lime bo boiled wtli water and sulphur for some time After 


T IULF XXVII — Variptiks of Sur nnin (To fnco page 401 ) 


Vanoty 

Carbon 

disul 

phido 

Water 

1 

8p gr 

Synonyms 

1 Crystalline 

' Uliotnbio 

Soluble 

1 

Insol 

204 

Ootoliedral S , o b , Miith 
mann’s Si 

Monoclinio needles 

Monoolinie nacreous 

' Monoclmic tabular 

Soluble 1 

Soluble 

Soluble 

Insol 

Insol 

Insol 

1 03 

Pnsmntie S , S S , Mutlimnnn’s 

Sji 

Nacreous S Muthmann’s Sm 
Tabular S Mutlimann’s S,v 

1 Col 
loidol 

(Amorphous 
< Amorphous 

1 Soluble 

Soluble 

Insol 

Soluble 

Insol 

Insol 

Soluble 


V sulphur 
t sulphur 

3 ' 

' Fluid A S 

Fluid n S 

■ 

■ 

1 

Bolichnos to Rolnblo amorphous 
or orvstallino R 

1 Solidifiofl to imolublo amor 
' plioiis 8 
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the mixture has stood to allow the insoluble matters to settle, decant the 
clear reddish solution of calcium iwlysulphide Add a little hydioclilonc 
acid. Calcium chlonde is formed, and finely divided milL of sulpimr is 
precipitated The sulphur remams suspended in the hquid foi a long 
time on account of its very fine state of subdivision This sulphur is 
pale yeUow in colour, it is said to contam a non-crystalhne vanety of sul- 
phur soluble m carbon disulphide A certam amount of the vanety 
(sp gr 1 955) insoluble m carbon disulphide is formed at the same time , 
tlm has been called y-sulphur Several other sub-vaneties of amorphous 
sulphur are known These are more or less closely related to the leadmg 
types ]U8t considered A complete and satisfactory statement of the 
Afferent varieties of crystalhne and amorphous sulphur is not yet possible. 
Those mdicated above are tabulated on p 400 (Table XXVII ) 

§ 6 The Atomic and Molecular Weights of Sulphur. 

1 Combinmg iveight — J B Dumas (1859) and J S Stas (1867) heated 
silver m a tube through which a current of sulphur vapour was passed 
The excess of sulphur was distilled off m a current of carbon disulphide, 
Tlie resulting silver sulphide was weighed It was found that 100 grams of 
silver gave 114 85 grams of silver sulphide Hence Ag S = 100 . 14 85 
The combinmg weight of silver (oxygen = 8) is 107 88 , hence the combining 
weight of sulphur is 16 035 Results not verj' different have been obtained 
by reduemg a known amount of silver sulphide in a current of hydrogen , 
by finding the amount of silver m silver sulphate , by converting silver 
sulphide mto silver chloride , and by convertmg sodium carbonate into 
sodium sulphate (T W Richards, 1891) 

2 Atomic iveight -—Applying the method indicated on p 62, namely, 
collecting together a number of volatile compounds of sulphur whose vapour 
density is known, wo obtain 


Tabi r XXVIII — Y iPOUB Di nsities of some Vor atile Suifhok Comfotods 


Volatile compound 

Vapour 
donsitj 
H =2 

Composition 

molecular weight = vapour density 

Amoimt of 
sulphur in 
the molecule 

Hydrogen sulpludo 
Sulphur dioxide 
Sulphur trioxido 
Sulphur 

Carbon disulphido 
Phosphoric sulphide 

34 07 
04 07 
80 07 
04 14 
70 14 
222 36 

Sulphur 32 07 , hydrogen 2 010 
Sulphur 32 07 , o-vygen 32 07 
Sulphur 32 07 , ovygen 48 0 
Sulphur 04 14 

Sulphur 64 14 , carbon 12 0 
Sulphur 160 36, phosphorus 62 0 

32 07 

32 07 

32 07 

04 14 

04 14 

100 35 


The smallest amount of sulphur entenng mto the composition of any 
of these molecules hes somewhere between 32 01 and 32 14 , the best 
representative value is taken to be 32 07 when hydrogen is 1 008 , oxygen, 
16 , carbon, 12 0 , phosphorus, 31 0 Hence this number represents 
the atomic weight of sulphur Tins result is confiimed by accurate deter- 
minations of the density of sulphur dioxide Tins is 64 07 Hence if 
oxygen be 16, sulphur must be 32 07 

3 Molecular weight At about 600° the^vapour density of sulphur 
IS nearly 0 6 (air=:l) This coiicsponds ivith the molecule S,, Bv 
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raising the temperature or reducing the pressure the vapour density 
gradually diminishes imtil, at 1000°, it reaches 2 2, corresponding with 
the molecule Sj The vaiiour density then remams constant, up to about 
1700°, at about 2000° the vapour density corresponds with a partial 
dissociation of So into atoms S, thus resembhng the behaviour ^f lodmo 
above 1000° It may be that at temperatures intermediate between 1000° 

and 500°, some or all of the molecules 
Sg* ®C’ and So are present, but the 
curve IS steadily depressed with nsmg 
temperatures, and it shows no signs of 
flattening such as might be expected if 
any particular type of molecule pre 
dominated throughout any particular 
range of temperature This is illus- 
trated by the graph of the vapour 
(• density of sulphur at different tem- 
Temperature peratnres shown m Fig 153 The 

Fio 163 — Vapour Density of Sulphur freezmg and boihng point methods 

for the determination of molecular 
weights, mdicated by examples pp 217 and 218, show that the molecule 
of sulphur IS Sg H. Erdmann (1908) represents the molecules of the ,two 
different forms of crystalhne sulphur graphically bj' the formulas 
.S=&=S=S 

II 11 

S«S=S=S 

p Sulphur 

The former is supposed to represent monodmio sulphur, and the latter 
rhombic sulphur The expenmental evidence upon which these formulas 
are based is verj flim^ The molecules of both forms by the freezmg and 
boihng pomt methods give the same results Sg. 


S=S-S=S 

I I 

SSS-S=S 
a Sulphur 



The relation between 


§ 7 Allotropy 
ozone and oxygen 


forms of sulphur must be interestmg 


and between the different 


Ozone and oi^gen contam but one 
elemental form oi 
matter This was 
proved on p 189 
The different 
modifications of 
sulphur likewise 
contam but one 
elemental form of 
matter Tins can 
^ proved by 
Rowing that a 
known weight of 

Fio 164 — Synthesis of Sulphur Dioxide (by weight) ^erent ^ fon^ ^f 

I cipher furnish the same amount of sulphur dioxide when burnt m oxygen 
{ gas. The experiment can be made by an apparatus resembhng that depicted 
154 About 01 gram of pure dry sulphur is introduced into 



m 
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a porcelain boat, and all is •weighed The boat is mtroduccd into a haid 
glass tube, O, ■which is connected at one end ■with a gas holder. A, containing 
osygcn, and •wash-bottles, B, containing concentrated sulphuric acid to dry 
the oxygen gas The other end of the combustion tube is connected •with 
weight glass bulbs, D, containing a concentrated solution of potassnim 
hydroxide, and a tube, £, containing soda hme m one leg and calcium 
cUonde m the other The current of oxygen is passed through the tube, 
and the sulphur is very gently heated The sulphur bums, fomung sulphur 
dioxide, •which is absorbed by the potash bulbs Take care that the 
sulphur IS all burnt, and that none is left sublimed m the cooler parts of 
the combustion tulie When all the sulphur has been oxidized, the 
apparatus is disconnected and reweighed The mcrement in the ■weight 
of the potash bulbs represents the ^phur dioxide formed , and the loss 
m the -weight of the porcelam boat, the amount of sulphur consumed 
This proves that each of the different forms of sulphur is but a modifi- 
cation of one element 

A similar phenomenon is presented by many other elements — carbon, 
pho8p horas,x~Belenium, etc Ihat^^roperty m virtue of which one 
e lemen t may_ exist m two or more forms with different properties 4s 
p aled allotr opy— from the Greek iwos (alios), another, rpmos (tropos), 
shape. One allotropic form is an ahas, so to speak, of the other Tlio 
less common form is sometimes called an “ allotrope ” or an “ allotropic 
modification ” of the other 

When a determination can be made of the molecular -weight of two 
allotropic modifications, there is nearly always a difference This is the case, 
for mstance, -with oxygen and ozone In consequence, it is often stated 
that allotropy is due to a difference m the “ molecular weight ” of the 
clement In other cases, it is assumed that the molecular weights arc the 
same, as is probably the case mth some of the different forms of sulphur, 
but the atoms of the molecule are arranged differently The idea is some- 
times e-xpressed in this way “ Just as bncks of the same kind in the hands 
of a builder may be fashioned mto vanous structures , so nature, from tho 
same land of atoms, builds up molecular structures -with -widely different 
properties” The two graphic formulae for tho Sg sulphur molecule in- 
dicated above have been suggested to account for the difference in tho t-wo 
crystalhne forms of sulphur The first one has been given to represent 
the structure of the molecule^ of ;3-sulphnr, and the second the structure 
of tt-sulphur This, however, is pure hypothesis 

Ozone, it -will be remembered, is formed by an ondothermal reaction 
Tlie heat absorbed m the production of one molecule of ozone is 34 1 
Cals (S Jahn, 1908) Hence we wnte 

3O2 = 2O3 - 68 2 Gala . or 3O2 -H G 8 2 Cals = 2O3 

Acrordmgly, ozone is supposed to have more available eneigy than 
ordinary o^gen Similar remarks nught bo apphed to the different 
forms of carbon and of phosphorus. In tho case of sulphur, 

a-S -f O2 = SO2 + 71 08 Cals, , jS-S + 02 = SO3 + 71 72 Cals 

This means that the conversion of 32 parts by weight of rhombic 
sulphur into the monoohmc form is attended by an absorption of 0 64 
Cals There is a difference m the encigy content of the two forms of 
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sulphur as was the case -with oxygon Hence the dofiiution two ^o- 
Uopic modificahons of a substance are composed of one element 
a^odateH •mtfi'' different proportions of available dier^, and con- 
sequently .they eidiibit different physical and chemical properti^ A 
definition of tbs kind describes the facts and no more That is, of course, 
the function of a good defimtion But there is a plausible finahty about it 
not altogether pleasmg Energy defimtions in general are strictly non- 
committol and less likely to stimulate the imagmation than views such as 
that which has ]ust been styled “ pure hypothesis ” This indicates one 
great objection to the energetic method of dealing with chemical reactions. 
The atomic, molecular, and kmetic methods are far more likely to prompt 
new and frtutful mvestigations 

The transition of ordinary a S to a S is reversible There is a definite 
transition temperature below or above which only one of the forms is stable, and 
the other form unstable Tins is a cose of enantiotroplc allotropy— from the 
Greek Iwurrim (enantios), opposite, Tpcwos (tiopos), habit The transformation of 
A 8 to ft S 18 alro reversihle, but there is not a definite transition temperature, for 
the amount of each form present when the system is m equihbnum is determmed 
by tbe temperature The phenomenon is c^ed dynamic allotropy, to distmguish 
it from that which precedes In yet a third typo of allotropy, the chance is 
irreversible, one form is m a metastable condition at all temperatures Tins is 
called monotropic allotropy, to distmguish it from the two phenomena which 
jirecede Examples — diamond and graphite, explosive antimony — ^will be con- 
sidered later 

I § 8 Hydrogen Sulphide — ^Preparation and Occurrence. 

Molecular weight, H-S = 34 09 Meltmg pomt, -86® , boihng pomt, -02® } 
ontioal temperaturo, +100® Relative vapour density, 34 304 (H. = 2) , 1 1806 
(ttir = 1) 1000 0 0 , weigh 1 6302 grams undor standard conditions 

Occurrence — ^Hydrogen sulphide occurs m several mmoral watcra 
{p 149) , m the exhalations from volcanic vents, etc It is also formed 
durmg the putrefaction of animal and vegetable matters contaimng sulphur 

Historical — Several references to hydrogen sulphide appear in the 
wntmgs of the alchemists, where it is described under the general term 
“ sulphurous vapour,” and some fetid solutions of the polysulphidcs, 
probably containing this gas, were called “ divme water ” — from the Greek 
Belov (theion), divme or sulphurous K. W Soheele (1777) was the first 
to mvestigato the compound systematically 

Preparation — ^Hyd^gen and sulphur combme directly when sulphur 
vapour and hydrogen (or certam hydrocarbons) are passed through a red- 
hot tube, particularly if the tube be packed with pumice stone or some 
other similar porous material The gas is best prepared by the action of 
dilute hydroohlorio or sulphuric aoid upon ferrous sulphide, EeS, which, 
in turn, is mode by fusmg iron and sulphur together (p 19) The reactions 
are symbohzed ^ 

EeS + H 2 SO 4 = FeSO^ + BLjS , FeS -f- 2HCa == F 0 CI 3 -f H^S if 
Hydroohlorio aoid is generally preferred to sulphuric acid because tlfix, 
reralting f®^us chlonde — FeClj — ^is not so hablo to crystallize as ferroiSs 
sulphate— FCSO 4 For small quantities, a similar apparatus to that 
empl^^cd fOT the preparation of hydrogen is used (Fig 9) , and for lamer 
quanfaties, &pp s apparatus may be used (Fig 12) Comparatn cly large 
quantities of the gas arc requir^ intermittently m a testing laboratory. 
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and scores of different forms of apparatus have been invented for the 
purpose Tlic gns is generally washed by passmg it tlirongli a wash -hot tie 
containing water 

Ferrous sulphide generally contains a little free iron, and hence some 
hydrogen will be mixed with the gas For ordinaiy puiposes, this does not 
matter The gas may also contam tmces of hydrocarbons, etc , denved 
from the action of the acids on the impunties m the iron TA more pure gas] 
IS made by heating antimony sulpludc with concentrated hydrochloric j 
acid, and washing the gas m water, but calcium, barium, and magnesium I 
sulphides also furnish as pure a gas at the ordinary temperatures BaS [ 
+ 2HC1 = BaClo + HoS Aluminium sulphide (q v ) with water gives ' 
hydrogen sulphide J 

Drying hydrogen sulphide —If the gas is to be dried, phosphoric oxide 
IS used Sulphuric acid should not he used because it is reduced by*! 
hydrogen sulphide and free sulphur is deposited HgS + H 0 SO 4 = SO, 
-f 2BUO + S Calcium chloride is often used for drjung the gas in spite ^ 
of the fact that there is a shght decomposition of the calcium cliloiide-r 
CaCl, + HoS = CaS + 2HC1 


§ 9 Hydrogen Sulphide — ^Properties and Composition 

Hydrogen sulphide is a colourless gas which smells like “ ripe ” eggs 
Tlie gas is very poisonous, and it produces headache and vomiting if breathed 
diluted ivith air, for a long time According to J Thdnard, respiration 
in an atmosphere contaming of its volume of hydrogen sulphide 
proved fatal to a dog Inhalatipn^of dilute chlonne obtained by wetting 
chloride of hme ivith acetic acid is ;cecoimnended ns nn antidote 

Action of cold — Tlie gas was liquefied by IL Faraday in 1823 by allow- 
ing pure ferrous sulphide and pure hydrochlonc acid to act upon one 
another in a stout bent sealed glass tube Tlio gas condenses to a 
TOlourless limpid fluid at +10° under a pressure of 16 atmospheres 
mie hqmd bods between -61° and -62°, and it freezes at - 86 ° 
Liquid Iprdrogen sulphide forms a crystalhne hydrate when heated 
with water m a sealed tube Tlie compound, probably IT S ftTT n 
(R. d» Fororani 1802) deoompoaas dowlfat 
and pressures, but it may be preserved mdefimtely m a sealed tube 
Aqueous solutions —Hydrogen sulphide is fairly solublfl m 
100 volume^f water at 0° dissolve 437 volumes of the^gas, and at 20° Ml 
volumes The solution is caUed » hydrogen sulphide water » The rolu 
tmn to^ntoin H and HS', and S' ions, but the loniLS* 

^ i ^ relatively much greater than H,S ^ 2H 4- 

water by boding Owing to its solubihty, the gas shouW S i 

over cold water, but it is sometimes collected over hot wate^ collected 

solution decomposes slowly with deposition of c i i aqueous 

exposed to the hght- 2 Hfs + S, =S.o - S P^^rtieulariy if 

has an acid reaction, iind it reddens 

reacts with bases forming sulphides isin it is sulphide 

the acid naturcLof the gas, the aqueous solution^m'.^ desired to emphasize 
sulphuncacid « sometimes called hydro- 
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Hydrogen mrlphidc is inflammable m air, and bums with a bluish flame, 
forming sulphur dioxide and water 2H2S + 30^ = 2S0_, + 2H2O A 
mixture of tuo volumes of hydrogen sulphide with three volumes of oxygen 
explodes violently when igmted. If the supply of air is hmited, free sulphur 
may be formed 2H2S + Oj = 2H2O + 2S A lighted taper dipped mto 
a jar of the gas shows that the gas does not support combustion 

Decomposition of hydrogen sulphide — ^The thermal value of the 
reaction between hydrogen and sulphur is small 

Ha + SBas = HaS + 4 82 Cal3 


The gas is easily dissociated by possmg it through a hot porcelain tube 
The dissociation begms about 400“, and it is complete at about 1700“ 
It will be remembered that hydrogen sulphide was formed by passing 
hydrogen and sulphur vapour through a porcelam tube This means 
that the reaction belongs to the type of opposing reactions — discussed 
on p 97 This reaction is symbolized 2]^S ^ 2H2 + Sj Hydrogen 
sulphido is also decomposed by passmg electnc sparks through the gas 

confined m a tube. Fig 155, 
Jj] over mercury No change 

in volume occurs, but the 
jC p decomposition of the gas is 

c y I evidenced by the deposition 

C ye s« of sulphur on the glass in 
t ^ Pjf 1 the vioimty of the sparks. 

Y J There is a considerable local 

Hi jS ^ temperature m the 

Hi vioimty of the sparks, but 

the gas is immediately cooled 

- ~ ng it diffuses mto the sur- 

^ ^ ^ , roundmg gas The products 

have time to react m the con 


verso direction The effect can be compared with a similar result obtained 
with Dovillo’s “ hot and cold tube ” (p 193) Decomposition is complete 
because the sulphur is removed from the zone of the reaction, and deposited 
os a sohcL I^en hydrogen sulphide is passed through a hot tube, 
decomposition is not complete, except at very high temperatures, because 
the sulphur is present m the reactmg system ns a vapour 

Reducing action — ^The relatively small amount of energy absorbed 
when hydrogen sulphide decomposes corresponds with the foot that it is 
readily decomposed and the products of decomposition exert a powerful 
reducing action The action of the gas on sulphuric acid has just been 
mdicnted. Hydrogen sulphide reduces moist sulphur dioxide with the 
separation of sulphur 2H2S + SOj = 2H2O + 3S Fummg mtrio acid 
IS reduced with explosive violence This can be shown bj dropping acid 
into a jar of the gas Chlormo, bromme, and fluorine also decompose 
hydrogen sidphido wxth the separation of sulphur This can bo proved 
by bnngmg a jar of ohlorme and a jar of hydrogen sulphide mouth to 
mouth Hjdrochlono acid will bo formed HjS + Cl, = S 4- 2HC1 A 
piece of bnght silver is very quickly blackened' when exposed to the gas 
owing to the formation of silver sulphide Hydrogen sulphide is often 



SULPHUR AND PTS HYDROGEN COMPOUNDS 407 


present in the air of to\vns , hence silver often tarnishes when ejqwscd to 
the air of towns The tarnishing of silver by hydrogen sulpludo is illus- 
trated by the use of silver spoons with eggs Tin and lead are also quickly 
tarnished by the gas Some metals decompose hydrogen sulphide Ycry 
qmckly under the influence of heat Tin» lead, and cadmium are examples 
Sulphides of the metals are formed, and hydrogen gas is hberated Sn 
+ H^S == SnS + 

' Composition and formula — It a known volume of hydrogen sulphide 
ho heated with mctalhc tm in a tube over mercury — ^Fig 166 ^ — ^tm sulphide 
and free hydrogen equal to the original volume of hydrogen sulphide aro 
formed , similarly, hydrogen sulphide, when decomposed bj’ clcctnc sparks 
— Pig 155 — suffers no change m volume Hence, from Avogadro’s hypo- 
thesis, it follows at once that one molecule of hydrogen sulphide oontams 
one molecule — two atoms — of hydro- 
gen, and that the formula of hydrogen 
sulphide IS H 2 SJ 1 where n has not been 
dotenmned The spcoifio gravity of hydro- 
gen sulphide (ajr == 1) is 1 1912, that is, 
if = 2 bo the umt, the relative density 
of hydrogen sulphide is 1 1912 x 28 755 
= 34 253 Hence — 

Molecular u eight o£ hydrogen etilphido 34 204 
Weight of hyorogou in tho tnoleculo 2 01 C 

Weight of sulphur m tho niolcoulo 32 188 

This result is sufficiently close to tho ^^^nJdrolii^sSidr 
atonuc weight of sulphur — 32 07, to prove 

that there can be one and only one atom of sulphur in the molecule 
It is therefore concluded that the formula of hjdrogcn sulpludo is H,S 



§ 10 Sulphides. 

Die ^phides can bo regarded as salts of hydrosulphunc acid oven 
tiiough they are not ahvays prepared directly from hjdrogen sulphide, 
aiany sulgudes are made by toe direct umon of sulphur into tho iotak 
. Hydrogen sulphide also forms either sulphides or hydrosulphidos 
PhO toe metals, for instance, ivith lead Lde 

i 2 TTn J and with lead salts + H^S = PbS 

+ 2HC] The lead sulphide is dark brown Hence pamts wntaimnc 
Ic^ impounds, when exposed to am contemmated with hvdroiren 
Bulpffide, are bl^ened” Many of the mctalhc sulpludes vrepafed 
m this way have characteristic colours, and m cnnRnnni«„„ fi? 
of too sulphide precipitated when hyffi^ogen ^Xde^m “f j 

solution of salt of the metal, is often strong circiwLiSial r^^^ 
presence of particular metals Hydrosulphides are foii 
of hy^oolplodo o„ some of ™ K0^4. I 

P^dos fL.' Sff “ 

A Bliglifc depression in the tube retains Hm , i 
placed by the gas while charging tho tube ^ mercury is bomg die- 
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Bolublo sulphides, forming a group of poljsulpliidcs. ^Vitli hodiiiin, fur 
oxamplo, tt senes of sulphides ranging from sodium monosulphidc, NoJb, 
to tho poniasulphidc, NujSg, can be obtained TIic composition and tlio 
relations of the polysulphiScs ha\ o not betn clcarlj demonstrated Aqueous 
solutions of ammonia saturated noth hydrogen sulphide mainly consist 
of ammonium hjdrosiilphide, NH^HS (formed NH^OH + H^S = NH^TIfe 
+ HoO), some ammonium sulphide, (NII^ljS, and ammonium hydroxide 
Tlio inixtriro is often called “ ninmonium sulphide ” Rlicn " ammonium 
sulphide” 18 nlloucd to stand, tho solution is oxidircd, and free sulphur 
IB formed Tins dissohcs in tlio “ammonium sulphide,” forming a jiolj- 
siilpliide, (NH^ljS,, uhero « may bo any thing from 1 to 9 Tho yellou 
solution — oallcd "yollou ammonium sulphide” — is a reagent much used 
in analyiical work 

The alkali sulphides — The sulphides are analogous in many respects 
with tho oxides, and, as with tho oxides, \ic hn\o basic, acidic, and neutral 
su lphides , ns yi oil as_p<>rsu|phidcs Sulphur is less icidro (Electro negatn e) 
than'^ oxygon ani ohlorino, and accordingly , tho compounds of sulphui 
and oxygon and ohlorino arc not pulphides of oxygen and chlorine, hut 
oxides and chlorides of sulphur Just as the metal Bodium decomposes 
•water, H.O, forming sodium hydroxide, NnOH, to docs the metal rodiiim 
when licatcd with hydrogen sulphide, HjS, form tho sulphur analogue of 
sodium hydroxide, nameh, sodium hydrosulphidc, NnSH Tlio same 
substanco is formed when nikniino hydroxide is saturated with a solutinii 
of liydrogoii sulphide, and, in tho case of ]>otassiuni liNdroxide, a cty st’illino 
inoiiohydmto, 2KSH H_jO, can bo isolated from tho solution * Wlieii 
liotossium liydroxido and potassium hydrosulphidc art mixed in cquiialent 
nro]X)rlion 8 , potassium monosulphide and water nro formixl KOH 
KSH = K/S - 1 - HjO Reddish white prismatic enstnis of the ]Knta 
hydrate, K^S 6 H 3 O, can bo obtained by tho esnpomtion of the aqueous 
solution in xaou 6 In tho ease of sodium, NijbOHaO is formed Tho 
alkaline sulphides arc at oiico hy drolyzed by wafer 4 - H 0 5 =^ KiSH 
+ KOH Tho solution quickly oxidizes on exposure to the air , sulphur 
18 /list liberated, and this is dissolml by an alkali sulphide, fonmng a 
poly sulphide Tho poly sulphide on further oxidation forms a colourless 
solution of tho thiosulphate When ])otassium carbonate and sulphur arc 
boated together a mixture of >nriablo composition containing sulphate, 
thiosulphate, and polysulpliidt is formed Tlio reddish brown product is 
called “hxer of s ulphur, ” or “ liopar snlphuris.” 

Copper sulphides —Cuprous sulphide, CujS, is produced when copjicr 
jbums m sulphur vapour , when an excess of copper filings is heated with 
tsulphur , and, ns a black precipitate, when hy'drogen sulphide is pi'ised 
jthrough solutions of cuprous salts 2CuCl 4- Hab = CuoS 4 - 2HC1 Tho 
|ouprou 8 sulphide is soluble in wnnn dilulo nitno noKb forming copper 
5 .mtrato_nnd sulphur Cuprous sulphide occurs native in rhombic cn'stnls as 
i-copper glance A bluish mass of cupric sulphide is formed w hen copper or 
^cuprous sulphide is heated with sulphur to n tcmpcmtiiro below 114® , and 
ha n black precipitate when hydrogen siilphido is passed into Mihitions of 
icupno salts Tli^prccijiitate is inclined to nin through filter iiayicr beenubo 
ijlt 18 iliiydrosor&blloidl The iiix^ipitato is Longulated by fin, udaitioiTof 
^dilute hydroohlorio iioid Ciipno sulphide ib bolublo m hot dilute iiitno 
^aoid, inbolublo in dilute suliihurio acid (cadmium bulphido is bolublc 
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under the same conditions) , insoluble m ijotassium or sodium sulphide, i 
and insoluble m ammonium sulphide It also dissolves m potassium | 
cyanide, formmg a complex cyomde from ivhioh hydrogen sulphide does | 
not precipitate copper. 

Silver sulphide, Ag^S — Silver sulphide is precipitated by hydrogen// 
sulphide from neutral, acid, or ammoniacal solutions The precipitate is 
“msoluble” m ammoma, alkahne sulphides, and in dilute potassium 
cyamde , but it is soluble m concentrated potassium oyamdo and in 
hot dilute mtnc acid 

Gold sulphide — Hydrofeen sulphide precipitates in the cold a black 
gold disulphide, Au^S^ The precipitate is msolublo m dilute acids , 
readily soluble m aqm regta — that is, a mixture of mtno and hydro* 
ohlone acids — ^formmg auric chloride Gold disulphide is also soluble in 
ammonium sulphide, but more readily m potassium sulphide, formmg 
potassium thioaurate, S=Au— SK, from ■which it is said jellomsh* 
bro'wn gold tnsulphide, Au^Sg, can be precipitated by hydrogen sulphide 
Metalhc gold is precipitated from hot solutions of auiio chloride by 
hydrogen sulphide 

Alkaline earth sulphides — ^^jsjnonpralplude^ro formed by rcducuig 
th(L. sulphates ■with carbon In the case of barium, "this reaction is the 
starting point for the manufacture of the barium salts from batydes, BaSO^ 
The reaction is symbolized BaSO^ + 40 = BaS -j- 400 Calcium 
sulphide, OaS, is formed by the action of hydrogen sulphide on heated 
hme Ca(OH )2 -f H^S = 2 H 2 O -f CaS The alkaline earth sulphides nio 
•white or yeUowish-whito, and phosphoresce in the dark, after exposure to 
daylight These sulphides arc almost insoluble m water, but like the alkali 
sulphides, they are hydiolyzcd voiy quickly m boiling water, probably 
formmg hydrosulphido and hydroxide 


Ca<®^ 

Calcium 

liydroxido 


Ca^SH 

^ ^OH 
Calcium 

liydro-v-jr hydrosulphido 


^“<SH 

Calcium 

hydrosulphido 


The hydrosulphides may be obtained in aqueous solution by the action 
of an excere of hydrogen sulphide on the hydroxide, as mdicated above 
and o^stals of Ca(SH )2 dHjO can be obtamed from the solution Those 
crystals, when heated m a stream of hydrogen sulphide, give calcium 
monosulphide, CaS Just as hot alkaline hydrosulphides dissolve sulphur 
fo^g po^ulphides, so does boding milk of hme form calcium polv’ 
sulphides The sulphid^ of the alkahne earths-calcium, barium, stronLm 
and magnesium — can bo used os a source of pure hydrocen suinhidn enn,! 
^ey decom^se with acids givmg hydrogen sulphide CaS + 2HC1 L is 
+ CaClg Calcium s«jphide is a by-product in Leblanc’s process Iq v) 
The commercial sulpkdes of the alkahne earths after elposum to lidit 
appear luminous when placed in the dark The feehTn 
these substances gradually diminishes m mtonsity,^but tht prop^y^ia 
recovered on exposure to hght Calcium sulnhido f ^ 1 

termed “ Cantoi's phosphorus,^'' and barium sulphide BaS » ^ 

(*c Bologmaii) These suSnT^^o\mf usefrS 

mauufaoturo of “lumtiims patnis'* The puio ri/. “i- i ^ 

phor^o,^ ana tto property » dopmdnntV tin " S 


O 



410 


MODERN INORGANIC CHEMISTRY 


somo foreign substanoo IVlimito traces of other elements, bismuth, cml- 
fimum, manganese, zme, etc , modify the colour of the phosphorescent 
'glow 

Zinc sulphide — ^Zinc sulphide is fonned as a A\hito amorphous prcoipi- 
bate when an nlkahne sulphide is added to a solution of zinc silt, or ^\hon 
liydrogen sulphide is passed tlirough an alknhno solution of a zme salt 
Zinc sulplude is not dissolved by oi^anic^aeidsjikc acotie nnd formic nqids, 
but it is soluble in mineral acids dvolnn'g hydrogen sulphide Hence zme 
sulphide IS not precipitated by hydrogen sulphide in neid solutions , cad- 
mium sulphide is prceipitatcd in noid solutions^ Tins subject is disouascd 
in the next section Cadmium sulphide vanes in tmt from a bright yellow 
to an orange red, occordmg to the temperature of precipitation, nature of 
solution, oto If hydrogen sulplude bo passed through a solution of 
endmium ehlorido, the precipitate which forms is an intense orange red 
colour owing to tho formation of cadmium thiochlonde, Cd_,SGl2. The 
reaction is represented 2CdCl2 - 1 - IfyS = 2 HC 1 -|- Cl— Cd— S— Ud— Cl 
Tho tluoohlorido passes into tho sulphide CdS by tho continued action 
of tho hydrogen sulphide, and at tho same time, tho tmt of tho 
precipitate becomes lighter in colour With tho ohloridc, tho preci- 
pitate never attains the sulphur yellow tint formed when solutions of 
oadmium nitrate or sulphate are employed Cadmium sulphide is used 
os a pigment for oil and water colours Cadmium sulphide is msolublo 
in ammonium sulphide , arscnio, whioh also forms a bright yellow precipi- 
tate, IB soluble in ammonium sulphide Tho foot that zinc ovido dissoh cs 
m alkalies wlulo zme sulphide docs not, illustiatos the stronger aoidic 
qualities of oxygon in contrast with sulphur 

Mercury sulphides — It is said that mercurous sulphide, HgjS, is 
produced in tho form of brownish black plates by tho prolonged notion of 
cold concentrated sulphuric acid on morcuiy There appears to bo somo 
doubt about tho CMstenoo of morourous sulphide Wioii hydrogen 
sulphide acts upon mercurous salts, a mixture of mercuric sulphide and 
mercury results Mercuric sulphide, Hgfe, is made by rubbing mercury 
^nd sulphur together in a mortar It is also formed ps a black precipitate 
|by tho action of hj'drogon sulphide upon a mcrouric salt Mercuric 

f 'sulphide 13 msolublo m ammonium sulphide and m alkabnc hydroxides, 
but lb dissolves in concentrated solutions of alkaline sulphides, more 
particularly tho polysulphidcs,fonmngthio salts HgS -f KjS = Hg(SK)2 
Tho thio salt is completely hydrolyzed bj' water forming red morcurio 
sulphide Hg(SK)2 -h HjO = KOH -j- KSH -f- HgS H^en hydrogen 
sulphide IS first passed through tho solution of the mcrounc salt, a white 
precipitate is formed. This is supposed to bo mercury thiochlonde. 
Cl — ^Hg — S — ^Hg — S — ^Hg — Cl Tho mercury thiochlonde gradually 

turns broivn and then block if tho current of gas is contmued 
2^8382013 H_S = 3 HgS •+- 2 HC 1 Tho black preoipitato is almost in- 
soluble in boihng dilute ooids though hot concentrated mtrio ooid 
gradually converts it mto a white mercury thiomtrate, Hg3S,(N03)2, 
and finally mto soluble morouno nitrate H tho black s^phido bo 
subhmed, a red orystalhne sulphide is formed Tlio red oiystalhno 
vanefy of mcrourio sulphide is more stable than tho block variety 
■When either tho black or tho red vanety is heated, tho block com- 
pound IS formed on ooohng, and this may bo transformed mto tho red 
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variety by meiely scratcliing the Burface Ctnnabar, native sulphide of 
mercury, HgS, is red 

Tm sulphides — ^When tinfoil la burned in solpluir vapour stannous 
sulphide, SnS, is formed Stannous hydrosulphide, SnfHS),, is preci- 
pitated as a brown powder when hydrogen sulphide is passed through a 
solution of the stannous salt SnCU + 2 H 2 S = 2HC1 + Sn(SH )2 The 
brown precipitate becomes black and” anhydrous on drying Tho preci- 
pitate dissolves in concentrated hydrochloric acid and consequently no 
tm IS precipitated if hydrogen sulphide be passed through a strongly acid j 
solution, on diluting such a solution, however, the stannous sulplude isi 
precipitated Unhke arsenic sulphide, tm sulphide is msoluble m ammonia j 
and ammomum carbonate, and m colourless ammomum sulphide , but it{ 
IS readily soluble m ammomum and alkalmo polysulphides forming * 
thiostannates, c g potassium thiostannate, KoSnS^, thus SnS + KjS -f S 
— >SSn(SK )2 If the solution be acidified, yeflow stannic sulphide is pre- 

cipitate S:=Sn=(SK)2+2HCl=2KCl-l-]^S-4-SnS2 Stanmc sulphide, 
SnS 2 , IS precipitated by pas'mg hydrogen sulphide through a (not too 
acid) solution of a stannic sidt, c g SnCl^-f 2H2S=4HCI-f SnS, Tho " 
sulphide IS soluble m hydrochloric acid, and hence no precipitation of the 
sulphide occur? if the solution be stronglj'acid , such a solution, saturated 
with hydrogen sulphide, precipitates stannic sulphide when diluted. 
The iellow stanmc sulphide appears to be the anhydride of a tbio- 
stenme acid, H 2 SnS 3 , for it dissolves in alkah sulphides, fomung solublo 
thiostannates as indicated above Stanmc sulphide is msoluble m ammoma 
and ammomum carbonate , and it is convert^ into tho oxide by roasting 
m air Stannous sulphide alone is prepared m the dry way by heatmg 
tin and sulphur together because the heat developed during tho reaction 
convoy the stanmc sulphide into stannous sulphide and sulphur Stannic 
J>an-be made m a dry way by heatmg tm amalgam, ammoni^ 
efede and sulphm m a^retort A complex reaction takes place, resultmg 
m the formation of a mass of yeUow scales called " mosaic gold." and this 
is used as a pigment “ Mosaic gold Y is not attacked by alMmo sulphided 

S by aqua regia, forming stannic chloride 

and sulphur m insoluble sulphides of tm are most readily obtained 
m a soluble condition by fusmg them together with sodium carbonate and 
sulphur, and extractmg the resultmg sodium thiostannate with ^ter ° 

^ sulphide occurs m nature as galena in 

weU-formed cubic crystals with a lustre resemblmg metallic lead Sd 
s^plude IS formed by reducing tho sulphate with Jrbon, by heatinl W 

2Pb<g + |>s = 2Ha + 

SJ SS rtpb.de, fonmng 

formmg lead .ntb 

acid oxidizes it to lead sulphate Unhke tm^Zl, nitno 

insoluble m alkahne hydro^des and^^d^ sulphide is 

over 030% and eubbn.ee „ vaeuo or 
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small oiibio crystals. Heated witli free acefiss of air, it forms load 
sulphate , 

Aluminium sulphide, Alj,S, — ^Aluminium sulphide can ho prepared as 
a greyish black solid by heating finely divided aluminium ivith iron 
pyrites 4A1 + 3FeSo = 2AI2S3 + 3Fe , it is also formed when sulphur 
IS thrown upon strongly heated aluminium Alumuuum sulphide 
iis decomposed by water ivith the evolution of hydrogen sulphide 
/^l2S3 + GHjO = 2A1(0H)3 + 3H3S Atmospheric moisture also decom- 
nwses the sulphide m a similar manner The sulphides of altimimum 
u.nd of chromium cannot bo prepared iniho prcscnco of water , hence when 
^ammonium sulphide is added to solution of ehromium or alummium salts, 
'^the hydroxides, not the sulphides, are precipitated The hydrosulphide 
IS probably formed first AICQ3 + 3NH4HS = 3NH4CI + A1(SH)3 , and 
tlus IS at once hydrolyzed A1(SH)3 + SHjO = Al(OH)3 + 3H^S 

Iron sulphides — ^By projecting a mixture of iron Mings and sulphur 
into a red hot cmoible, a fused moss of ferrous sulphide, FeS, is formed. 

A httle black ferrous sulphide is precipitated when hydrogen sulphide is 
* passed through neutral solutions of ferrous salts, if an alkaline acetate 
be present, a httle more ferrous sulphide is precipitated, but the precipita- 
tion 18 not complete , alkah and ammomum sulphide precipitate black 
ferrous sulphide FeCl, + (NH4)jS = 2NH4CI + FoS The precipitate 
jis readily soluble in dilute acids, even acetic acid, with the evolution of 
[hydrogen sulphide Moist forrons sulphide is readily oxidized when ex- 
posed to the air, fornung first a brownish basic sulphate with the separation 
of sulphur Hydrogen sulphide and ammonium sulphide readily reduce 
ferric to ferrous salts with the separation of sulphur 2Fe0l3 + H3R 
= 2FeCla + 2HC1 + S , and the ferrous chloride then behaves as indicated 
above Hence feme sulphide, Fe^Sj, cannot be made by precipitation 
■with hydrogen sulplude, but it can bo mode by fusing equal weights of 
iron and sulphur at about 660° , and by passing a current of hydrogen 
sulphide over feme oxide heated to about 100° 

Ferrous sulphide is comparatively rare m nature, wlule iron pyrites, 
FeSo, IS exceedmgly common. The latter can be mode artificially by gently 
heating iron with an excess of sulphur at a low red heat. Iron pyrites^ 
occurs m two forms , one, pynte, has a specific gravity about 61 It 
crystallizes m the cubic ^stem, is but very slowly oxidized m air j the other, 
marcasite, has a specific gravity about 4 8, crystelhzes m the rhombic 
system, is less stable than pyrite, and is oxidized comparatively quickly 
m air, and on this account marcasite has been largely used m the manu- 
facture of “ copperas,” ferrous sulphate The former has been prepared 
artificially , the latter has not. i Pynte is not acted upon by dilute acids, * 
but hot concentrated hydroohlone acid decomposes it, forming hydrogen 
sulphide and sulphur If heated in hydrogen, sulphur is evolved and 
ferrous sulphide romams IVhon heated in air, pyntes and many other 
sulphides of iron produce feme oxide and sulphur dioxide This action 
18 partly duo to the stronger acidic properties of o’tygen over sulphur, 
and also to the volatility of sulphur dioxide ■nluch removes sulphur from 
the zone of the reaction Many sulphides, e.g load sulphides, form mil 
phites when heated in air Magnelte iron pynies, or forrosofemc sulphide 
also called pi/rrhotine, or pyrrhcAiU, supposed to bo in the ideal case 
Fe3R4 IS the sulfiliiir analogue of magnetic oxide of iron, Fe304 The 
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ratio Fo S vanes a great deal in native specimens , their composition 
IS said to “range from FcgSgto FcjgSj-, cliiclly FejjSjo” Tins is taken 
to mean that the minerals are probably mixtures of different sulphides, 
and may be of sulphur, etc. , 

'K - 

§ II The Action of Hydrogen^^ulphide on Metallic Salt Solutions* 

Hydrogen sulpbido is a valuable reagent Its reactions Vrith the 
different metalhc salts enable the metals to bo separated into groups as a 
prohminaiy to more detailed examination Thus — 

I Sulphides insoluble in dilute acids . 

(o) Soluble in alkahne sulphides — ^arseme, antimony, stannic, gold, and | 
platmum sulphides | 

{b) Insoluble in alkahne sulphides — ^mercury, silver, lead, copper,! 

bismuth, cadmium, and stannous sulphides t 

H Sulphides soluble in dilute mineral acids but insoluble in the pro- 1 
senco of alkalies — ^iron, cobalt, mckol, manganese, and zinc sul- j 
phidcs £ 

HI Sulphides not precipitated by hydrogen sulphide — chromium, J 
alummiiim, magnesium, barium, strontium, calcium, potassium, ? 
and sodium Chromium and aluminium arc precipitated as| 
hydroxides 

Tlie method of classifying certain elements into groups — those which 
form soluble and those which form insoluble sulphides m hydioclilonc 
acid — ^frequently convoys wrong ideas of the properties of the sulphides 
Tlio solubihty of the sulphides depends upon the concentration of the 
acid For instance, if hyehogen sulphide be passed into 6 c c of a solution 
of 2 grams of tartar emetic — ^potassium antimonyl tartrate — 15 c c of 
hydrochloric acid (sp gr 1 176) and 8.5 c c of water, antimony sulphido 
wll bo precipitated, but not if 15 c c of hydrochloric acid liad been employed 
without the water In one case, 2SbCl3 + SH^S = tSbjS, + CHCl , and] 
m the second case, SbjSa + OHCl = SH^S + 2SbCl3 In other Mords, the'* 
antimony sulphide, in the second case, is decomposed by the acid as fast 
as it is formed Similarly, no lead will bo precipitated by hydrogen sul- 
phide from a solution contaming 3 per cent of hydrochlonc acid, HCl , 
and if the solution has 2 5 jier cent of acid, the lead sulphido ivill bo im- 
perfectly precipitated — i e part will be precipitated, and part will be 
decomposed as fast as it is formed Similarly, a 6 per cent boiling solution 
of hydrochloric acid will prevent the precipitation of cadmium sulphide. 

K a metallic sulphide, MS, bo treated with hydrochlonc acid, hydrogen 
sulphide and a metallic chloride will be formed MS + 2HCI = MC3 
+ HjS Conversely, when a metalhc ohlondo in aqueous solution is treated 
with hydrogen sulphide, tho metalhc sulphide and hydrochlonc acid mil 
he produced MCIg + HgS = MS -f 2HC1 Hydrochlonc acid thus accu- 
mulates in the solution as the action goes on If any more sulpludo bo 
produced, after the hydrochlonc acid has attamed a certain limiting con- 
centration, the excess of sulphide will be at once decomposed by the acid" 
There arc then two simultaneous opposing reactions (1) Formation nf 
the metalhc sulplude and hydrochlonc acid , and (2) formation of chloride 
and hydrogen sulphide In illustration, if a current of hydrogen sulnhido 
be passed through a saturated solution of zinc chloride, part of the metal 
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IS prooipitatcd, but A\hon tbo hydrocblorio aoid lias nttuincd a certain 
concentration, tlio action apparently ceases bocauso the roverso ehaiigo 
sots in Honco the precipitation will bo incomplete In illustration, tabo 
the COSO of lead chloride 


PbCla + HaS ^ PbS + 2HC1 

When equilibrium is established, the solution contams lead chloride, 
hydrogen sulpludo, and hydrogen ohlondo Using qrmbols in square 
brackets to represent the concentrations (gram molecules per litre) of the 
respective compounds in the solution, it follous from the equilibrium lau, 
that 

= Constant 

[kci]- 

This shows that if the concentration of the aoid bo inoroosod, and tho 
! concentration of tlie hydrogen sulphide be constant, tbo amount of load 
chloride which romoms in solutions (that is, escapes precipitation) uill 
[increase in order to keep tho numerical value of tho “ constant ” aluays 
, the same Conversely, if it bo desired to keep tho amount of load ohlondo 
1 in the solution os low os possible, it is necessary to keep tho concentration 
i of tho aoid down to a mimmum value A certain amount of acid is usually 
, required to keep other metals in solution , rmo, for ovample. 
r The concentration of tho hydrogen sulphide in tho solution is practi- 
) colly constant (.0 0073 gram molecules per htre at 20°) when tho gas is 
ipassmg through tho solution If tho concentration pf tho hydrogen 
I sulphide were largo and the concentration of tho motalhe ohlondo small, 
i a very large excess of oeid would bo needed to prevent metal being 
I preoipitat^ by the hydrogen sulphide. It will bo observed, houover, 
i that the oonoontration of tho hydrogen sulphide under ordinary oircum* 
stances is small In consequonoo, a comparatively small amount of acid 
I suffioos to prevent the separation of sulphides of zinc, iron, niokol, cobalt, 
I manganese If the solubihty of the hydrogen sulphide had been greater 
(than it IS, some of tho metals — zmo, iron, mokol , would have been 
I included m the “ hydrogen sulphide group ” , and convorsoly, had tho 
; solubihty of hydrogen sulphide been less than it is, some of the present 
I members of tho “ hydrogen sulphide group ” would not have been there 
1 Eor mstanoo, tm, lead, oodmium 

1 Under ordmary conditions, the solubihtics of tho sulphides in hydro- 
lohlono acid, startmg with the least soluble, are approximately in 
I the order 

I As, Cu, Sb, Bi, Sn(io), Cd, Pb, Sn(ous), Zn, Fo, Ni, Co, Mn 


Elements wide apart m the list can be easily separated by hydrogen 
sulphide m acid solutions, but elements close together m the hst require 
a very careful adjustment of the amount of acid in solution before satis- 
factory separations can be made For mstanoo, tho separation of cadmium 
or lead from zmo by means of hydrogen sulphide is only satisfactory when 
tho concentration of the aoid is very carefully adjusted If too much aoid 
bo present, cadmium or lead ivill be imperfectly precipitated , while if 
too httle acid bo present, zmo will bo precipitated with tho cadmium or 
lead. Hence there is no sharp hno of demarcation between metals pre- 
cipitated and metals not precipitated by hydrogen sulphide from omd 
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solutions All depends upon the concentration of the acid Tins is arbi- j 
trarily adjusted so that antimony, arsemo, lead, bismuth, cadmium, | 
copper, mercury, and tm are precipitated by making the volume of thoi 
solution such that it contains approximately 10 o c of hydrochloric acid| 
(sp gr 1 12) per 100 c c before passmg the hydrogen sulphide Tho| 
aluminium, iron, sane, nickel, cobalt, and manganese salts ivill be found iiif 
the filtrate Ranum, strontium, calcium, and magnesium salts Mill also 
bo found ui the filtrate along vath the alkahcs, because the sulphides of 
these elements are attacked and decomposed by water and by acids 
E g Ca„S + ^HjO ^Ca(OH)o + Ca(SH )2 

Tlic above remarks can easily bo translated into the language of ions 
Tlio precipitation is then supposed to proceed according to the equation 
M + 2 H 2 S M(HS)j + 2H , or M + HaS MS + 2H That is, the 
bivalent ion M reacts with the hydrogen sulphide, forming the spanngly 
soluble MS, or M(HB)o, uhich precipitates In the process, hydrogen 
(acid) 10 ns, H , are fomi^ Tlio hydrogen sulphide is itself supposed to bo 
ionized m aqueous solution as mdicatcd above HnS^pSiH +HS'’?^ 2 H 
+ S" The metal chlonde, say, is also lomzcd MCI™ == M + 201^ 
ficncc the solution may bo supposed to contam MClj + HoS^M 
+ 201' - 4 - S'-f 2^ When the solubihty product [kf ] X [S'] is ex- 
ceeded, the solid MS separates from the solution, Icavmg hydrochloric acid 
10 ns belund 2H’ -J- 2C1' A further amplification on the lines indicated 
m the text can now bo made Hero, as elsewhere, it makes very littio 
difference which mode of expression bo used The facts ivili stand for 
ever, and they are independent of fashion, taste, or capnoo , the language 
used m dcscnbmg the facts, hke other customs, changes occordmg to the 
lircvoilmg or fasluonable hypothesis 


§ 12 Hydrogen Persulphide, or Hydrogen Disulphide. 

If dilute hydioclUono acid bo poured into a solution of sodium 1 
polysulplu^, say, Na^Sg, milk of sulphur is precipitated (p 401) | 
M 2&5 + 2Ha = 2NaGl + :^S + 4S Qn_%c cp^rary, if the polys ulphido 
bo poured into, the acid, httlo or no hydrogen s^phldTiB" ev 6 l 4 d,^'ahd a 
yellow oily hquid is obtamed Tins was once considered to be a mikturo 
^hydrogen pent^uIphide, H 2 Sg with other hydrogen polysulphides 

reduced pressure, the fraction which is 
obtemed at^9 under.a prBssure.o£J mm otmercury is a pale yeUow oil 
wffi^olcoular weight, by the freezmg pomt method, oorrMpondinff 
tnsulphide , SiBjraction which distils at 7446 “ 
^dor atmospheno pressure, has the composition HgS, ' Thii wIivdKMrcn 
^Iphide or hydrogen persulphide The persulplS dissolves m bS? 

draomposos gt^uolly into hydrogon B'dphdrS^’sihta”*!!!? ILoJlf 

gen persnlpWrbnS^’iS^I’ bhe ^ Hydro- 

por^de, it has oxidizmg and reducing quahta^ij ^ analogue, hydrogen | 

ydrogen tnsulphide, HnSg, prepared as just desenbed, resembles the 
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porsulpludo in many of ita properties, but its speoifio gravity is 1 496, and 
it Boli^fies between —62® and —64 ° The tliroo hydrogen sulphides — 
HjS, H^Sjiand HoSj — are all the hydrogen polysulphidcs whoso individuality 
has been clearly demonstrated, although a whole senes rangmg from 
HjSs to E^9 has been reported There is a certam analogy between 
H9O and , and between HoO^ and HjSo The hydrosulphidcs arc 
particularly mterestmg, for they brmg out the peouhar property of sulphur 
atoms to form chains m which hydrogen can bo replaced by an SK group 


q^SI 


SC 


SH 

SH 


s<: 


S— SH 
SH 


S< 


S-SE 
S— SH 


Hydrogen Hydrogen 
tnonosnlphide di^phide 


Hydrogen Not known 
tnsulpmde- 


Hydrogen 

pontnsulphide 


These are sometimes called chain formuls , the pentasulphide, for 
example, is virtually H — S — — S — S — S — ^H. This is D I Mondoldelf’s 
method of reprosentmg the constitution of the hydrogen sulphides 
Several other schemes have been proposed, but no decisive evidence is 
available to justify one in preference to another I Bloch and F Holm 
(1008), indeed, asaurm that two or oven three isomeric modifications may 
exist in equilibrium, side by side, at any given temperature 


S=S<2 ^ H-S-S-H , S=S=S<^ ^ ^ H-S-S-S-H 

Hydrogen potsulphidc Hydrogen tnsulphido 

It IS assumed that at low temperatures Mondeldefi’s chain tyiio of molecules 
predominates , and at higher temperatures, when the colour darkens, that 
the more condensed typo of molecules prevails 




§ 13 Sulphur Chlorides 

The study of the sulphur chlorides throws an interesting light on the 
valency of sulphur, and also on the constitution of some other sulphur 
compounds 

Sulphur chlonde — ^VVhon dry ohlonno is passed mto sulphur heated 
m a retort. A, Fig 167, the two elements combme directly, fomung sulphur 

chloride — S2CI3 — which collects 
m the receiver B, cooled by a 
current of cold water, os a yellow 
hqmd The oil is purified by 
reistiUation The pale yellow 
hquid when pure has a pungent 
smell It boils between 138° and 
140® The hqmd fumes m moist 
air and is decomposed by water, 
fomung sulphur dioxide, hydro 
chlonc acid, and sulphur 
•2SaCL, + 3EL,0 = 4HC1 + HaSO, 
3S Sulphur chlonde is used 
os a solvent for sulphur in the 
Its vapour density is 13 6 (H3=l), oorre- 
*“ ‘ Hence “sulphur mono 



167 — ^Proparotion of Sulphur Chlonde 
— S.Olj 


manufaoturo of rubber goods 
sponding inth the molecule SjCL,, not SCL 
chlonde ’ does not appear a very ajipropnate name for this compound. 
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Sulphur dichlonde — K chlorine bo passed into sulphur chlonde, cooled 
in ice, a gamet-red hqmd, said to be Sd^, is obtained S2CI3 + Clj = 2SC12* 
Ami^ure of hqmd chlorme and sulphur chlonde, SjClq, in a sealed tube, at 
about 16% gradually passes into a similar product The molecular weight 
by the freezing pomt method in X3denc, bromine, acetic acid, etc , corre- 
sponds with the molecule SGU It freezes at —80°, and it can be distilled 
with but little decomposition under reduced pressures 

Sulphur tetrachlonde — If the temperature be still further reduced to 
—22°, still more chlorine is taken up by sulphur chloride, and sulphur 
tetrachlonde, SCII4, is formed 82012 + 3012 = 28014 The red'hquid - 
begins to decompose mto sulphur dichlonde and chlorme directly it is 
removed from the freezmg mixture at —22° It freezes to a yellowish 
white sohd between —30° and —31“ Sulphur tetrachlonde umtes wnthl 
gold chlonde and mth stannic chlonde, molecule for molecule, forming; 
double compounds, e g SnOl4 SOI4 

Bromme forms sulphur bromide, S^Bro, when heated ivith bromme, but 
the existence of sulphur iodide is doubtful, because the product prepared by 
the evaporation of a mixed solution m carbon disulphide, though sold 
commercially as sulphur iodide, is considered to be a mixture or a sohd 
solution. H Moissan has isolated a sulphur hexafluoride — SPg — ^which is 
formed by the action of fluonne upon sulphur The gas solidifies at —55°, 
and the hqmd boils a few degrees higher Tho gas is comparatively stable 
and mert chemically These compounds of sulphur are mterestmg from 
the point of view of tho valency hypothesis Hero is strong presumptn 0 
evidence of the vanable valency of sulphur , and almost conclusive evidence 
that sulphur can be sexivalent 


S-Cl 

S-CI 




S dyad 


CIn. M^Cl 
CK^^Cl 

S tetrad 


F^S~F 
S hoxad 


It nught be supposed that the properties of the sulphur fluondes would 
be anal^ous With those of the clilorides, but the resemblances are not very 
close The fluondes are more stable than the chlondes !>• ^ 


Questions. 

separated from It Explain carefully whv thn ’ 

to ^phurotted hydrogen —Sheffield Unw ecular formula H-S is assigned 

fications of sulphur — St Andrews Vntv properties of tho various modi- 

+ H*S^f“8^'Sa.S^TCo4lulpb,7e”^^^^^ + 2HC1 = FeCl., 

substonces on the ncht-hand s.dn 

J^plndo 0. “mplSSS^i^ '“'■’'i” *"•“ ''Jdrogo.ii' 
10 ) aqueous sodium hydroxide (cl aniinf.i,= iwlli (a) gaseous ninmoniii 

sulphur dioxide ®®PP®'- aulpliato,'’ and (d) 



CHAPTER XXin 


Compounds of Sxjlphur with Oxygen 

§ I Siilphur Dionde — Occurrence and Preparation 

Moloculor woiplit, SOj = 64 07 Molting point, —73®} boiling point, —8* 
Rolatn 0 donsity (H* = 2), 64 06 , (air = 1) 2 264 

Occurrence — Sulphur dioxide is found among the fumes from volcamo 
vents , in the springs of volcamo distnots, and m the oir of towns whore 
it IS don\ ed from the sulphur compounds in the coal 

History — ^Tho uso of sulphur for disinfecting purposes has been known 
from very early times. It is referred to m Homer where Odysseus, after 
the slaughter of the smtors, and probably recognizmg the need for a general 
cleansing, calls 

Quickly, O Nurse, bring firo that I may bum 
Sulphur, tho cure of ills 

J Piicstloy (1770) prepared the gas by tho action of hot concentrated 
Eulphuno acid on morcuiy Priestley called it sulphurous acid 
‘ Preparation — Sulphur dioxide is formed when sulphur bums in air 
S + Oa = SOj Beta con 6 and 8 per cent of tlio sulphur is simultaneously 
oxidized to smphur tnoxidc, SOj If tho sulphur bo burnt in oxj'gen 
gas between 2 and 3 per cent bums to sulphur tnoxido ^ Tho nitrogen 
in tho air seems to favour tho production of sulphur tnoxido, whereas 
moisture and oarbon dioxide do not affect tho result appreciably Wlien 
sulphur IS oxidized by a peroxide — ap manganese peroxide — sulphur 
dioxide IS formed MnO^ + 2S = MnS + SOj Sulphur dioxide is also 
formed when tho sulphides of some metals are roasted m air — e,g iron or 
Icoppor pyntos 4PoSj + IIO3 = BFeaOg + SSOj This reaction is very 
I commonly used for malang the sulphur ^oxide employed m tho manufacture 
of sulphuno aoid 

Tlio most convement labora tory process, for small quantities, is to de- 
compose commcroial sodium bisulphite inth eoncontrated sulphuno ooid 
A concentrated — 40 per cent — solution of sodium bisulphite, NaHSOj, 
IS placed in a flask, which is then fitted ivith a tap funnel containmg con 
contrated sulphuno ooid, os mdicated m Pig 47 Tho gas can bo washed 
by passing it tlirough oonoentrated sulphuno acid The reaction is qnn 
bohzod NaHSOg -j- H2SO4 = N0HSO4 H^O + SOy _ Tho same gas 
is mad e by reduemg sujpliuno acid with charcoal, sulphur, silver, copper 

1 Tlio presence of sulphur tnoxido in tbo sulphur dioxide formed when sulphur 
burns in nir accounts for tho foggy ” nppoarnneo of tho gns This mil be undor 
Stood when tho properties of tho tnoxido have boon studied 
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or morouiy Tho charcoal process is used on a manufacturing scale ivlicn 
Iho presSice of carbon diomde, a by-product of tho reaction, is not 
detnmoiital , for uistancc, in the manufacture of sulplutes Tho reaction 
IB represent^ 2B^S04 j= 23^0 + COLj -f 2SO2 When sulphui is 

the reduemg agent, the smphur is simultaneously oxidized to sulphur 
dioxide S + 2H^S04^= 2H2O -f 3 S 0 o In practice, tho action is slow 
because tluT sulphur melts and offers but a small surface to the action of 
the acid C opper and sulphuric acid are often employed in tho laboratory 
when the bisulphite process is not convenient Half fill a flask with copper 
tummgs, and add sufficient sulphuric acid to not quite cover all the copper 
The gas comes off when tho flask is gently warmed Tho apparatus is 
illustrated m Fig 94 , where two washing-bottles containing concentrated 
sulphuric acid are shown attached to the dehvery tube m order to dry 
the gas 

Kio reaction is somewhat complex It is usually lymbolized Cu] 
+ 2H2SO4 = CuSO^ + 2H2O SO2 It IS possible that the first action! 
resembles tho effect of zmo on dilute sulphuric acid whereby hydrogen' 
18 developed Cu -f- HjSO^ = CUSO4 -j- Tho hydrogen reduces the? 
sulphuric acid to sulphur dioxide Hg + H^SO^ = 2 H .,0 -f SO, In^ 
confirmation of this view hot concentrate sulphuric acid is reduced to’^ 
sulphur dioxide by passmg hydrogen through tho liquid Some of the; 
Bulphuno acid is possibly reduced to hydrogen sulphide At any rate,* 
cuprous sulphide, CujS, and cuprous sulphate, CujSO., will be found" 
associated with the copper sulphate m the flask. 


§ 2 The Properties of Sulphur Dioxide 

o,,] }® ^ colo'irless gas with a smell characteristic of bumme 

IS an acute blood poison According to Ogata 

S ^1 ® difficulty m breatlung after a feu houm 

Sulphur ffioxide is also mjunous to vegetation, and it is one of tho “ no\ioij« 
vapours complamed about in manufacturmg districts 

Aqueous solutions —The gas is more than twice as heawas air and tn 
consequence, it can be coUected by tho upward disnlaopm^^f ’ 

« b. cUerted «Lteboto 

enoe oi uS oomptW So 

and from the general behamour of oon.^'^ an^ogy wiOi otjior aoida, 
»oIotionproba 1 dyoonta™K taolZ 3 r,h?^‘'““,°' The 

aeid At 0 “ a orystalbne hydrato-S, ™'P''«ra>sl 
but several other crystallme hvdratJ W« is obtomod 

solution readily doSmp^s XtS, W “q^^ous , 

exposed to hght 3H2SO3 = S + 2 ^ 80 ^ +^0“"^ sulphur whonj* 

«-e gaa bgoodos nnder ordmary 
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thoroughly dry tho gas obtained by tho notion of copper on sulpliurio noul 
by passing tho gas through a couple of \rash bottles os indicated in Fig 94, 
and then lead tho gas through a condensing tube, Fig 168, immersed in 
a freezmg mixture the freezing mutture is omitted in tho Rawing The 
gas condenses to a clear, colourless, transparent, hmpid hguid which boils 
at —8® and solidifies at —70° to a white snowhko moss Liquid sulphur 
diomdo IS sold commeroially in thick gloss “ syphons,” and where avail 
able, tho “ syphons ” are used as a source of sulphur dioxide for laboratoiy 
work By the evaporation of liquid sulphur dioxide n tomporaturo 
approaching —60° can be obtained Hence like ammonia and carbon 
dioxide, sulphur dioxide is used os a refngeratmg agent Liquid sulphur 
dioxide IS a good solvent for phosp hqrus T iodine, sulphur, resms, etc The 
conductivity of these solutions is sometimes greater than that of aqueous 
solutions 

Dissoaation of sulphur dioxide — ^Wlien the gas is passed through 
DeviUe’s “hot and cold tube,” Fig 77, tho surface of the silver tube is 



supporter of ordmaiy combustion Some substances are able to bum m 
the gas by abstracting its oxygen In this way, sulphur dioxide appears to 
not as an oxidizing agent i^gnited magnesium ribbon, for mstanco, con- 
tinues to burn in tho sulphur dioxide Finely divided iron when heated 
in a stream of sulphur dioxide forms a mixture of iron oxide and sulphide 
with moandesoenoe Sulphur is deposited when hydrogen sulphide and sul- 
phur dioxide are brought into contact, say by placmg a jar of sulphur dioxide 
and of hydrogen sulphide mouth to mouth Tho gaseous exhalations from 
some volcanoes contain these two gases which, on mmglmg together, mutually 
decomposewiththeformationofsulphurfp 393) 2:^S-|-S0, = 2H.,0 -i-3S 
Tins reaction does not occur if the gasas arc thoroughly dn^ 

Composition of sulphur dioxide —When sulphur bums m oxygen, 
no change m volume ooeurs when the gas is cooled. The apparatus, shown 
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in Pig 156 or Pig 230 can be used Taken in conjunction with Avogadro’s 
hypothesis, the expenment proves that sulphur dioxide contains its own 
volume of o-^gen. That is to saj% one molecule of sulphur dioxide con- 
tains two atoms of oxygen, and the formula of sulphur dioxide is SnOj, 
where n is to be determined Agam, the relative density of sulphur 
dioxide IS 64 046 (E^ = 2) Hence 

One gram-moiccule of sulphnr dioxide wciglis 64 05 

One gram-molecule of oxygen weighs 32 00 


Weight of sulphur m the molecule 32 05 

The number 32 05 can represent one and only one atom of sulphur if 32 07 
be the atomic weight of sulphur, smoe the two numbers are nearly the same. 
The salts of sulphurous acid — Two senes of salts, exemplified by 
KHSO 3 and K 2 SO 3 are known , the former are the acid sulphites or the 
bisulphite^ and the latter the normal sulphites Hence sulphurous acid 
is dibasic With the exception of the alkahne salts, most of the sulphites 
are spanngly soluble in -water The alkahne sulphites are alkalme to 
htmus If the sulphites are treated wath strong acids, the anhydride, 
SO 2 , is evolved as mdicated m one of the methods of preparation. The 
sulphites decompose on heating wnth the formation of sulphates, eg 
^ajSOg -» 3 Na 2 S 04 4- NujS , the bisulphites first lose HoSO, before 
decomposing m this way 2 NaH &03 Na^SOa -f HaSO, The sulphites, 
as well as sulphurous acid itself, are readily oxidized The presence of 
glycerme or sugar retards the rate of oxidation, possibly because the more 
TOcid solutions offer some resistance to the free circulation of oxx'ccn m 
the fluid. T^e monobasic acids HRSO3-— where R w a radicle CH,, CrH.. 
etc — arc called sjilphojuc,acids 3 e o 

R^uemg properties 'of sulphur dioxide -Sulphur dioxide is a, 
l^uetful reducing agent It reduces permanganates to manganous salts ,? 
chromates to chromic salts, feme to ferrous salts, etc The latter re- 1 
action 18 often imed in analytical work for the reduction of iron previous' 
to its detemunation by volumetric processes ^ 

Weaclung effects of ^phurous acid are due to its reducing pro- 
bities Moistened red rose-leaves, or fabnes dyed -with, sav “maecnL” 

to sulphur (hoxido fppeara 

to react ^tii^hecotoumgmat^, fo^g sulphuric acid and hydrogen 

-f Hj This idea is supported bv the fart thnf 
W bleached by sulphur^oxide^^b/rStoS 

by exposing the article to oxidizing conditions Tho n 

colour -uhich gradually comes to b£oS sroJL f 

cromplo Tho colour of Moaoked ro^'“?os^Sllr mt™. k “.t" 
rose-leaves are exposed to the am or when thn 7 *^0 

m dilute sulphuno acid This shows that tlip leaves are dipped 

destroyed dmmg the blcaclZg “Sent is not really 

An fl.nnonrier 1 1 . _ 



Biupnurous aciUis used as an “anti-chlor” 
remove the last traces of chloiinc from an agent to 

The goods are dipped m a solution of sSphL chlonne 

eirtepded.u®.of the term reduction might hero £ mnnh?,' ^ .7 

agent is a substance v hich can ( 1 ) mino^ e o^ uL ^ reduemg. 

(2) dcorcuso tho uou-motaUic ioit of u coSSS^“, srcvlJS5;j 
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. (3) add hydrogen to an element or compound, e Cl -» Hd The dcfini- 
l^tion of an oxidizmg agent — oxidation — can also bo extended m the con- 
[ verse manner 

WTien sulphur dioxide is passed over lead peroxide, the reaction, PbOj 
+ SOj = PbS04, occurs, and the mass glows bnghtly Tlie sulphur ^oxide 
here reduces the peroxide, so also sodium peroxide, when “ dusted " into 
a cylmder of the gas, glows bnghtly owmg to the heat evolved dunng the 
reaction NajOg + SOg = Na^S04 

^ Action on hydrogen iodide — Sulphur dioxide reduces iodine to 
hydrogen iodide, HI, in the presence of water SO3 + 2H!20 + 15 = 2H1 
Jh- H 2SO4 The reaction stops when a cortam amount of hydrogen iodide 
nas been formed. Agam, concentrated solutions of hydrogen iodide are 
oxidized by snlphunc acid, and the latter is reduced to sulphur dioxide 
H2SO4 + 2HI = Ij + 2H2O + SOj This reaction is the reverse of that 
,w^ch immediately precedes The two opposing reactions are in equOi- 
bnum when the spe^ of the direct and reverse changes are equal In 
other words, this reaction belongs to the typo mdicatcd on p 07, and should 
bo symbohzed Lj + SO, + 2H,0 ^ H^04 + 2HI e This reaction is 
important because the amount of sulphurous acid or of its salts m g iven 
Solution can be detenmned by addmga solutionis lodme of known strength 
'fiSiSr &~bUT6tt5 ~uatU“tll5T^iHe' s^ution is no longer deoolpmed. The 
equation funnies the necessary data for the calculation Every 263 84 
grams of lodme oorrosponds with 64 07 grams of sulphur dioxide The 
amoimt of sulphur dioxide must not exceed 0 05 per cent or the “ back 
reaction ” will appreciably affect the results 

Action on iodic acid — ^The reduction of lodio aoid, HIO,, or of an 
lodate by contact mth sulphur dioxide, results m the formation of sulphuno 
acid', and m the hberation of lodme 2^0 ,+ 4EL;0 + 6SO^ == 6H,E Oi+ 1, 
Strips of paper dipped in a solution’orpofaSiuin iodato anoTstaroh turn 
blue m the presence of sulphur dioxide, see “ Iodic acid ” 

Sulphuryl chloride — ^If a mixture of sulphur dioxide and ohloime bo 
exposed to direct sunhght — especially if a httlo camphor be present — a 
colourless hqmd will bo obtamed which boils at 69° The oamp]^r _acts 
as a catalytic agent (p 132) The hquid is sulphuryl chloride — SOod, 
When treated with water, H — OH, the chlonne atoms m sulphuryl chlondo 
can be replaced step by stop by OH groups 

0^ -» o^^Cl O^^Cl O^^OH 

Salphnr Sulphuryl Cfalorosulphouio Sulphuno 

dtosido ohtonde acid acid 

Chlorosulphomc acid, SOjOKOH) — ^This acid is bestmade by the 
direct umon of sul phur trioxide and. hydrogen chloride, or by distilhnga 
rmxturcT of "ooncenfeated '^sulphunc aci^ ^th Bosphorus pentachlonde, 
PC^o'r pIiosplmrns_qx;^hlbrider PO01^, when, _2Hj^04.-j:.P0Cl, ^"i^O , 
HOI + 2S04C1(0H), The hquid so obtamed boils at 155 3°, and reacts 
with water with explosive violence, forming a mixture of sulphuno and 
hydrochloric acids. -- 

y Uses — Sulphiur dioxide is used in the manufacture of sulphuro acid, 
as a refngeratmg agent, as a solvent for extracting glue, gelatmo, etc , 
for prcsorvmg meats, w mes, etc It pro\ ents the groivth of certam moulds, 
kiUs cortam disease germs, etc It is used for prcoipitatmg hmo m sugar 



COJn?OUl?DS OF SULPHUR WITH OXYGEN 


423 


manufacturo, as a bleacbng agent for stra\r, silk, \TOollon, and goods too 
delicate for treatment -with chlorine, m refrigerating machmes (see p 636), etc. 

§ 3 The Constitution of Sulphurous Acid and the Sulphites. 

More value is sometimes attached to a formula than that wluch it is intended 
to represent In consequence of tins, it has happened that a largo number 
of chemists hn^ e regarded the dctormmation of n formula for a compound 
as the great object to bo aoeomplisfaed, and tho\ have forgotten that ■what 
\ro ought to know, and u hat is of \ astly greater importance for the science, 
IS the chemical conduct of tho compound — I BEMSEiT 

The jBmpiric^l^formulaj3f^a^cpmponnd,,i8„basjBd .upon its^percentago 
compqatipn, and fhe-atomio hypothesis, .wlule a_;molccular formula, „in 
additio n, IS coupled with Avogadro’s hypothesis After tho empirical 
and mdlecular formulte have been detennmed, the chemical properties 
of tho compound are studied in order to trace the relations between tho 
atoms of tho molecules, and when this has been done for all the atoms in 
the molecule of the substance, tho constitution of the compound is said 
to have been detennmed Tlie result of the investigation is expressed as a 
structural or graphic formula “ It is assumed,” as W Lessen expressed 
it m 1880, “ that the action of any particular atom on tho other atoms in 
tho molecule depends on the relative position of the atom m question , 
the properties and chemical behaviour of tho molecule depend upon tho 
actions of all the atoms on one another Hence observations of the pro- 
perties and the behaviour of a compound enable us to draw conolusioiiB 
concormng tho mutual actions of tho atoms m tho molecule of that sub- 
stance, and tho positions of tho molecules relative to one another ” A 
structural formula should summanzo what is knoivn about tho chemical 
behaviour of tho compound with respect to (1) the number and kind of atoms 
m the molecule, and (2) tho relations between tho atoms m tho molecule 

There are several possible methods of representing tho constitution 
of sulphurous acid, and accordingly of the sulphites The sulphur may bo 
bi-, quadn-, or sexivalent 


q^O-OH 

Sulphur dyad 


0=^<, 


OH 

OH 


n q^O~OH 
0=S<H 


O. « .OH 

0>S<H 


0. 


>s<: 


OH 

H 


Sulphur tetrad 


Sulphur he\ad 

In one group of these formula, the hydrogen atoms are symmetrically 
placed with respect to the sulphur atom , and in tho other group, tho 
hydrogen atoms are unsymmotneal Our problem is to select from these 
graphic formulae the one which best represents the orientation of tho 
atoms m tho molecule of sulphurous acid 

Thionyl chlonde -If diy sulphur dioxide bo treated with phosphorus 
pontaclilorido, a colourless hquid-thionyl chloride, SOa^-boiLg it 

mpitST’ WodMoi^ of the reaction are 


0=S=0 + 


Ck I 

g><c. 


a 


o=s<gj + 


Cl\ 

01^=0 

01/ 


upon 

adding sulphur tnovi^to sulphur monoc^lorido.*^ ovplosion It is also inndo by 
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Thionyl chlorido Jios the ompinoal formula SOClj Owing to its mode of 
formation from sulphur dioxide (sulphur quadrivalent), it is inferred that 
there is no change in valency of the sulphur atom when one of the oxygen 
atoms m sulphur dioxide is replaced by two ohlonne atoms, and that the 
oxygen and two chlorme atoms are each directly attached to the sulphur 
Thionyl chloride is decomposed by water, fomung sulphurous acid 

o=s<g + + o-s<8§ 


This reaction is mterpreted to mean that sulphurous acid has a 
similar constitution to thionyl chlonde, but the two ohlonne atoms of 
the last-named compound have been replaced by two hydroxyl groups 
denved from the water Hence it is inferred that the two hydroxyl 
groups of sulphurous acid are directly united with the sulphur atom 
Otherwise expressed 

o=s=o 

Sulphur dioxide Thionyl ohlonde Sulphurous acid 

The constancy of structural arrangement — ^It is commonly assumed 
that when an atom or group of atoms m a compound is replaced 
by another atom or group of atoms, the latter occupies the position 
vacated by the former without 2Uiy essential structural change m the 
arrangement of the other atoms. Tins rule does not mean that the 
relations subsisting between the atoms of the molecule are not altered 
durmg the replacement of one atomic group by another, for the 
hydrogen atoms m, say.'^Cj.HaOOI may bo more or less easily -affeoted 
by certain reagents than the H atoms m, say, C.H^OBr The rule of 
the constancy of structural arrangement, and the action of water on 
thionyl ohlonde, make it probable that the two chlorme atoms of 
thionyl ohlonde are directly replaced by two hydroxyl groups , but 
let us inquire 

Does the molecule of sulphurous acid contam two hydroxyl 
groups symmetncally placed about the sulphur atom? If sul- 
phurous acid contains its two hydroxyl groups symmetncally placed, 
wo naturally prefer the formula HO — SO — OH By noutrahzmg potassium 
hydrogen sulphite with sodium hydroxide, and by neutralizing sodium 
hydrogen sulphite wuth potassium hydroxide, two solutions are obtained 
from each of which crystalhne potassium sodium sulphite can be separated 
In both cases compounds with identical properties, namely, potassium 
methyl sulphonate, CH3KSO3, are obtamed when the double sulphites are 
treated with methyl iodide, CH3I The reaction in each case is represented 


CH3 I -f Na'KSOs = Nal + CH3KSO3 

The methyl radicle CH3 thus displaces the sodium atom, but not the 
jiotassium atom Consequently, if two isomenc salts, say. 


V' 


>s< 


OK 

■Na 



ONn 

K 


Tare capable of existing, the one m which the atom of potassium is directly 
connected wath the sulphur atom is not stable and readilj ohnng&s into 
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the other Otherwise expressed, there is at present no evidence cf the 
existence of two different salts KOSOjNa and NaOSO^K. So far as 
we can fell, /7te graphic formutai of the sulphites correspond with two symmetn- 
callif placed hydroxyl groups in sulphurous acid, and the formula is accordingly 
wntten HO — SO — OH 


Tlie “ rule of the constancy of structural arrangement ” might here 
easily lead us astray because the fact that no isomensm has hitherto 
been detected m the compounds prepared by the two different metliods, 
may be due to the fact that with certain radicles only one configuration is 
stable and permanent If another configuration be momentarily produced 
it immediately passes mto the stable condition Hence the negative results 
]ust obtamed do not prove conclusively that an unEfymmetrical sulphurous 
acid IS non-existent, although the negative results may prove that there 
is only one stable configuration of NaKSOg or of C^^KSOg under the 
conditions of the experiment 

Desmotropism or tautomensm — Some compounds are known in 
orgamo chemistry which correspond with the existence of unsymmetncally 
placed hydroxyl groups in the sulphurous acid molecule For instance, 
the action of ethyl alcohol on thionyl chloride, SOClo.fumislies a compound 


iS 03 (C^H 5)2 Since the sti-uctural formula of thionyl chloride is 0=S<^| 

the compound formed from it probably has the coiresponding syiiinietrical 

structure It is accordingly called symmetrical diethyl 

sulplut^ This salt toils between 168“ and 168 5“ Again, the oxidation 
of ethyl mercaptan, (m which the ethyl monad radicle 

UHg, must be directly attached to the sulphur) furnishes a compound of 
the same ultimate composition, but with an unq^mmetiical stnicture 

This 


hence, it is called unsymmetneal diethyl sulphite 
salt boils between 214“ and 215“ ^ ' ■’ 


_ ■ The existence of those two sulphites 

does not necessanly mean that there are two different sulphurous acids 
for there may be but one stable configuration of the acid itself under Ihe 
conditions of the expenment 


It IS not unhkely that under certain conditions, and by the action 
of certain reagents, the position of an hydrogen atom m tbp mnlpo , 1 !! 
^ «. that .t beha™ Mtrontl^ »n‘dtr tfsS con to 

from what it does under another sot of conditions The 

app^rs an exception to the rule of the constancy of structuml ai^LTi/p" 
ment As usual, the supposed phenomenon has bnon m ^ arrange- 
“ tautomensm ” (C Laar, 1885)— from the Greek rafrrrf ttaiSlwb* 
(meros), a part^nd ako the alternZe perimt 
“desmotropism” (P Jacobsen, 1887)-from the SeK / n 
a bond , (trepom) to change A substaime is said'^to Ifp ’ 

tomenc or desmotropic when it can react with ntw w 
in such a way that it aoDe^ te bp 7 substances 

different constitutional formuli^ ^ with 

desmotropic modifications of a substanro ^ system, the two 
bnum which is so very sensitive to Pxtpmni”^ « “ eqiiili- 

modification readily changes mto the otlipi that the one 

«.,.s an 
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under exceptional conditions It is supposed that the position of a hydro* 
gen atom m the molecule of sulphurous aoid is labile, not ngid, because it 
can take up tno different positions witli rospoot to the other atoms Tlio 
change in the position of the hydrogen atom is aecompamed by a change 
in the character of the hnkoges In the present case, no have possibly 

O^S<og; -t- 0-S<Qjj 

Wo shall meet other examples later on — ^nitrous acid H — NOj and 
HO — ^NO , hydrocyanic acid H — C N and H— N C , phosphorous acid 
P(0H)3 and H PO(OH)2, etc The supposed dcsmotropism of the poly 
sulphides has been already mentioned, p 416 

§ 4 Hyposulphurous Acid and Hyposulphites 

Preparation — ^By treatmg an aqueous solution of sulphur dioxide 
mth finely divided zmo, a zmo salt of hyposulphurous aoid is obtamed 
2H2SO0 + Zn = 208264 4- 2H2O By usmg sodium hydrogen sulphito, 
the' sodium salt is obtamed A yellovr aqueous solution of the acid can 
bo obtamed by treating aqueous solutions of its salts with oxahe acid. 
It IS probable that the zmo reacts with the sulphurous aoid producing 
hydrogen Zn + H^SOg = ZnSOg + Hg , and that the nascent hydrogen 
r^uoos the sulphurous aoid to the acid m question 2H2SO3 -{- 2H 
= H2S2O4 + 2H2O The acid then reacts vnth the zmo produomg the zme 
salt The sodium salt has also been obtamed m concentrated solution by 
the eleotrolysis of sodium hydrogen sulphite with a high density current 
By oddmg sodium chlori^ to the solution, sodium hyposulphite, 
Na.2S204 2H2O, IS precipitated. This salt can be dehydrated at 00° 
tx Properties — ^The acid is only known in aqueous solutions smee it is 
rather unstable It rapidly absorbs oxygon from the air, and is one of 
the most powerful reducing agents known The sodium salt is used in- 
dustrially, and m the chemical laboratory os a reducing agent Por 
mstaUce, it bleaches sugar, mdigo blue, etc It reduces many mctalhc 
salts to the metal , m the cose of copper sulphate, a broim copper hydride, 
CU2H2, IS formed. The salts are called hyposulphites * 

Composibon — ^The molecular u eight of the acid has not been deter- 
mined by the regular methods, but the molecular weight of the sodium 
salt, deduced from the depression of the freezing pomt of aqueous solutions 
corresponds with the formula Na2S204 Again, ammoniacal copper sul 
phate oxidizes a hyposulphite to a sulphite , iodine oxidizes it to a sulphate , 
ond for every two atoms of sulphur present as hyposulphite, one atom of 
oxygen is required to oxidize it to sulphite SjOg + 0 = 2SO2 > three 
atoms of oxygen to oxidize two atoms of sulphur to sulphate 2S2O3 -f SOg 
= 4SO3 Hence it is inferred that hyposulphurous acid is deriv^ from 
the anhydride S2O3 — sulphur sesquioxide — and not to the anhydride, SO, 
as supposed by P Schutzenberger, the disooierer of the noid (1869)® 

1 Do not confuse the aoid with tliiosnlphunc aoid, nor the salts with tluo 
sulphates Unfortunately, hypoaulphuroos acid is an old term for thioaulphnno 
acid which has heen ahandoneaby all but photographers 

* C L. Berthollet (1789) noticed that iron dissolves msulphuroiis acid without 
giving off a gas , L N Vnuquohn and A 3? Fouroroy (170S) found that tin and 
zmo behaved in a similar nay , and C F SchOnbem (1852) obtained some 
reactions with » lower sulphur acid, and which uoro probably duo to this acid 
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Schufczcnbcigor thought tho acid had tho formula HgSOj, but A Bemth- 
sen’s (1881) oxporimonts, just cited, make italmost cortam that tho formula 

IB H2SJO4 

Sulphur sesquioxide, S 2 O 3 , is supposed to bo made as a malachite green 
orystallmo mass by the direct umon of sulphur and sulphur tnoxido, and 
as a^ blue solution by the action of flowers of sulphur on Nordhausen 
sulphuric acid With watei, sulphur sesqmoxido gives sulphur and a 
mixture of sulphuric and sulphurous acids, and not hyposulphurous acid 
This does not prove that sulpliur sesqmoxide is not the anhydndo of hypo- 
sulphurous aoid because the latter decomposes m a similar way. 


§ s. Sulphur Tnomde — ^Preparation. 

Sulphur tnoiade exists m at least two forms, a sulphur tnoxido and /3.su]p}mr 
tnoxide Molecular w eight, a SOj = 80 07 , /s SOa = 160 14 Melting pomt a SO-. 

14 8“ , fi SO3, 26* , bodmg pomt of both varieties, 46 2® 

History — Sulphur tnoxide seems to have been made by B Valentino 
m tho fifteenth centuiy, and called “ plulosoplucal salt ” K W Scheclo 
(1777) and G de Morveau (1786) called it the anhydnde of sulphunc acid 
Preparation — Sulphur tnoxido is made by distilhng ferric sulphate 
EojCSO^ls = FcjOg + 3 SO 3 , fummg sulphunc acid, or sodium pyro-J^i.' 
sulphate NujSjO^ = NajSO^ + SO 3 , and also by heating concentrated -+ 
sulphunc acid ivith phosphorus pcntoxido when HgSO^ + PjO. = SO 
+ 2:^03 In the latter reaction tho phosphorus pentoxido is able to 
dehydrate, that is, remove tho elements of water from sulpliuno acid 
As mdioated on p 418, a small amount of sulphur tnoxido is formed 
when sulphur bums m air, or m oxygon , but if a mixture of sulphur 
dioxide and oxygen ho passed over platmizcd asbestos at about 400° Iho 
o^dation of tho sulphur dioxide is nearly complete Tho platmizcd 
Mbestos acts as a ^talytic agent (p 101 ) Instead of platmizcd asbestos 
ferric oxide, vanadnm oxide, copper oxide, ohromic oxide, pumice stone’ 
employed, but none are so effectivo as platmizcd asbestos 
^^rated by an apparatus similar to that depicted m 
"vg sulphur dioxide and oxygen are sent, from gas-holders 

through a wash-bottio, A, shown on tho nght of the diagram 
concentrated sulphunc acid Tho mixed g^es travel through ’a toiror J?® 
Z aaturated with concentrated sSlphunc Ld 

dried m^me of oxygen and sulphur dioxide then passes Tvei 
placed asbestos, 0 , wanned to about 400°, m a hard SS tuln 
ambmation ocoure, and tho sulphur tnoxido condenses m thftubo^nd 


§ 6 The Properties of Sulphur Tnoxide 

I" 1876, R Weber showed that Bulnhurtrir>x.,i«„- I 

tiona^ohd and hquid at oi-dinaiy temperature?^ ^ modifica- 

hqmd, b£g at ?bTOt46%^bte3b^ colourless 

duot ol tho prcoodiog roaohom-S 6 iSteSSSSy. n‘ntt K 
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Qiystallizcs in long pnsmatio noodles botw oen 16° and 17°, and inoUs o'j 
16 8° Tho vapour density (air = 1) vanes from 2 74 to 2 70 Tlu'. ‘ 
numbois and the lowering of tho freezing point of phosphorus oigrchloria' 
correspond with a moleoular weight of 80 

)B-Sulphur tnoxide — solid sulphur tno»de — ^If a sulphur trmidi 
bo maintained at 16° for some time, it gradually passes into sohd orjstal > 
which look like asbestos, and melt at 25° Tho mass fumes m air, and 
gradually passes mto the a form if kept a temperature between 60° 
and 100° The moleoular weight bi “ '^^“on of tho freezing point 

of phosphorus oxyehlondo oorrespoi . v 

■ The two forms are not veiy different oliomically although tho /3 sulphiii 
tnoado reacts somewhat loss vigorously than tho o variety Both dis 
solve in water inth a hissing sound as if a piece of red hot iron were 


plunged mto tho water , much heat is evolved, and sulphuric acid is 
/ produced 


a SO 3 + H 3 O = HaSOi + 40 Cals 

Hence sulphur tnoxide is also called sulphunc anhydnde Tlio .mhy 
drido does not redden blue htmus if extreme precautions be Uktn to '' 


To Fume 
^^Chamher , 


OxvQrn 


Fio 16D — Proporotion of Sulphur Trxovido (Contact . 

exclude moisture Sulphur tnoxide reacts dircetlvjrr^^,,,™ 

So4-so"^b1o S. a 

TJie<ioMtnoiiife<i«nbeTOi»nMdnittioiitoielta8 AtWtemoSli. 

O SO, 

onum o 2 Gsv=^ 2S03 The dissociation is coinnlcted ns fVia 
rises, menhoated to 1000°, sulphur tnoxide dLm^sos oonStely S 
sidphur dioxide and oxygon 2503 = 2803 + 03 Two voS S 
sulphur tiionde produce two volumes of sulphur dioxide and CToTumo 
of oxygon This oon-csixmds with tho foimula lSO,)„ aio moIeciU^ 
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eight of tlie a-form, indicated above, shows that its foinuila must 
Oj , and the iS-fonu, SgOg Tho graphic fonnula for SO3 may bo 

g»s=o, 

iTluch makes sulphur sesavalent, quadrivalent, or bivalent The first 
irmula is usually taken in ’'armony with tho supposed sexivalency pf 
ulphur in sulphur her it fits m best ivith facts to bo 

ei^olopod later The ^ j. for the two vaiicties -will then bo 

a-form Q>S=0 fi-form o^S<o>S<^q 

Tho thormaI_vaIues of tho reactions, S -f 0^ = SO^ + 69 26 Cals , and 
(f SO3 4--0 73 Cals , are worthy jpf note It follows^that the 

hernial value of each of the first two oxygon atoms is 34 63 Cals , and tho 
hormal value of tho next atom of oxj'gon is 22 73 Cals Hence it has been 
aid that the third atom of oxygen is “ less firmly attached ” to tho sulphur 
ktom than tho other two , and further that the six valencies of sulphui 
n-o not oqmvalent This is supposed to correspond mth tho fact that 
ulphur trioxido is very readily dissociated into sulphur dioxide and 
ixygon Some consider sulphm triOxido to bo an “oxido of sulphui 
hoxide ” Tho inference is mconclusivo and faulty 

Occurrence — Solutions of sulphur dioxide soon absorb oxygen from tho 
HI, forming sulphuno acid, hence sulphuric acid may be found in water 
lom sulphurous sptmgs m volcanic districts, c,g the Rio Vinagio 
Mexico) contains 0 11 per cent of H3SO4 oaldiilatcd as SOj, and also 
) 09 per cent of HCl Pit water and streams of water ivhioh lia\e been in 
jontaot with oxidizang pyrites may also contain frccisulpliurio acid. Tliis 
s often a source of trouble industnally oiving to tljo coiromvo action of 
inch ivater on pump valves, etc Tho oocmionce of combmed sulphmio 
icid as sulphates was mdicated on p 394 ' 


Tho solu- 
It IS made 


§ 7 Pyrosulphunc Acid and Pyrosulphates 

Sulphur trioxide dissolves in concentrated sulphuuc acid 
tion IS often oaUed Nordhausen or fuming sulphunc acid xu ih maao 
by distilhng dehy^ted ferrous sulphate, EeSO^ HjO (prcfeiabJy with u 
httle sulphuno acid or water m tho receiver) Tho reaction apneare to tako 
place m two stages fiFeSO^ H2O = PodSO,) , -f 2Fe,0, -f 380 -4- RTT n 

io^wed = iQ + |sof 

leating sotorn ]^o^phato admixed inth concentrated sulphuno 
loid Na^SaO, + H^SO^ = 2NaHS04 + SO, ' Sodium pvrosuinhafr « 
heatmg sodium bisulphate to about 400® 2NaHSO^— IT n 
+!fa,SA H»aoe the tern « pyro --tom the Greek 

•Bm sett IS eometimes colled “onhydrera sodium bisulphate^ ’Ire 
idium bisulphate formed m the manufacture of fummrr anlnhi. j 
ou^rted book te the pjjosulphute “ 

01 the sulphi teiouido II the Jd' 
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IS gonorally ngreocl that boforo the sulphuric acid is foimed, the sulphur 
dioxide actually unites wth the nitrogen oxide — saj’, nitrous acid — ^to 
form an “ intermediate compound ” It is inferred that under normal 
conditions the intermediate compound decomposes as fast as it is fonned 
This inference appears to have been made because the elusive intermediate 
compound has not been isolated (p 136) At present, therefore, the 
known fads accord best with Fdhgots simple h3rpothesi8 Speakmg 
gencially, whenever a question cannot bo answer^ by an appeal to 
facts in the laboratory, keen, sometimes bitter, controversies are waged 
over schemes devised in the study Li the present case, quite an array 
of tmaginarj/ iniermedtais compounds have been advocat^ — ^BEjNgSOfl, 
E Divers, 1911 , HaNSOg, E Raschig, 1911 , HNSOg, H. Davy, 1812 , 
etc Taking E Diver’s sohemo as illustrative of ourront theones, the 
mtormediato compound mtroxysulphurio acid, HjNjSOj, is supposed to 
be formed by direct oombmation of nitrous acid with sulphur dioxide 
2HNO2 + ^^2 ~ HjNjSO^, and the mtroxysulphunc acid so formed is 
immediately decomposed into mtno oxide and sulphuno acid HgNjSOg 
= 2NO + H2SO4 The mtric oxide so formed is immediately oxidized 
to mtrogen peroxide 2NO + Oj = NgO^ This again mutes with sulphur 
dioxide and water to reform mtroxys^phuric acid and oxygen, 2N2O4 
+ 2H2SO3 = 2H2NaR05 + Oj The lutroxysidphunc acid decomposes 
ns indicate above and the cycle begms anew 

The manufacturing process — Sulphuric acid was known to writers 
in the thirteenth century B Valentine, m the fifteenth century,^ 
desenbed the preparation of sulphuno acid from calcined ferrous 
sulphate and sihoa , and By burning sulphur and nitre in moist air 
A. Libavius (1595) recognized the identity of sulphuric acid made by 
the different processes , previously, the acids wore supposed to bo 
diffeiont Ward, in 1740, prepared sulphuric acid by bummg sulphur 
mth nitre in largo glass vessels — 40 to 60 gallons capacity — time after 
time, until the acid which collected on the bottom of the vessels was 
strong enough to pay for its concentration m glass retorts The acid was 
sold ns “ oil of vitriol made by the bell,” to distinguish it from the acid 
made from ferrous sulphate Ward’s process reduced the pnoe of sulphuno 
acid from 2« 6d per ounce to 2s per pound. Roebuck substituted lead 
chambers fdr Ward’s gloss vessels in a works at Birmmgham m 1746 
E Cldment and J B D6sonnes, m 1793, showed that the process could be 
mode continuous, and that the nitre plays an mtermediary part betireen 
the sulphur dioxide and the air J L. Gay Lussoc’s tower was invented 
in 1827 , and J Glover’s tower was used at Newcastle on T^ne in 1859 

1 The burners — ^Tho sulphur dioxide is made in the burners, 
(1) by burmng sulphur (brimstone) , (2) by heating pyntes, etc , in a 
current of air , or (3) by burning hydrogen sulphide, etc Air is drawn 
through the burners in excess of that required for oxidizmg the sulphur 
The necessary draught is regulated by clumnoy, etc 

2 The Glover’s tower — The hot mixture of air and sulphur dioxide 
passes up a tower pocked with flints doivn which trickles a mixture of a 
weak acid from the lead chambers and the strong nitrated acid which has 
been used to absorb mtrous fumes, and recovered in the Gay Lussac’s 

* As in tlio case of Qeber somo wntmgs attributed to Volontine aro supiiosod 
to bo forgenes 
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to-trer to be descnbed later. The fiinctions of the Glorer's tourer are: 
{!) recover the nitrous oxides from Gay Lns?aes tower; (2) cof*I the 
gases from the burners ; (3) help to concentrate the acid tneUmg down 
the tower (4) partly oxidize the snlphur dioxidr from the bumei« , and 
{5} introdnoe the necessarv nitne acid into the lead chambers by mnmng 
nitnc acid down the tower along with the nitrated acid from the Gay 
lassac’s tower ^ Before the aurd reaches the foot of the tower it is fnlly 
donitrated- 


3 The lead chambers — The mixture of air, snlphnr dioxide and 
nitrons tames pases mfo a set of three leaden chambers — ^may be of a 
total capacity of 150,000 cubic feet — into which steam is blown from low 
pressure boOeis The g^es m the chambers are thus intimately mixed. 
The oxidation of the sulphur dioxide mainly occurs in the first twi 
chambers. The gases are passed through the chambers slowly so as to 
allow time for all the sulphur dioxide to be oxidized. The thiid chamber 
serves mainly to dry the gases. The chambers are kept cool enough to 
condense the sulphnnc acid which collects on the floor and is drawn off 
penodicafly. It is called chaTTiher acid Chamber acid contains between 
62 and 70 p^r cent. 

4 . The Gay Lns^c’s tower.— The excess air which leaves the lead 
chambers is hi^y charged with nitrogen oxides. These are recovered by 
causing the exit gases from the chamb^ to pass up a tower, packed with 
coke, down vhich concentrated sulphnnc acid is tncklmg The concen- 
trated acid absorbs the mtrous fames. The “nitrated acid * w-h'di 
(»IJecfs at the foot of the Gay Lussac's tower is pumped to the top of 
the Glover’s tower along with some of the more dflute chamber acid. 
The mtrated acid trickling down the Glover's tower lo'e^ the ab*orbe<'l 
mtrous fumes and some water The acid which collects at the foot of 
the tower contains about 80 per cent H. 4;0 

5 The ^centration of the add.— The chamb-^r acid is not allowed 
to attain a higher strength than about 62 to 70 per cent H«SO becau^ 
a stronger acid begins to absorb the nitrous fumes from the chambers, 
ihe chamber acid is therefore concentrated further either in the Glover s 

™ I'^aden concentrating pans until it contains 
about i9 per cent of If the acid be much stronger than this 

It begins to attack the lead evaporating pans iath.=r «!enoudv TbSs -S 

L-, due to the presence of oigamc matter. The further c 

th, »<nd is effected «th.r V bo3mg rt m ^ 

TUB cn^^rs. At first very weak sniphunc add distils over Tl,» 

evaporation ance'the aeid ite-lf tben 4^“^” STfort 
tration of the add, in th^ rare event The further coucen- 

(whngthe concentrated acid when ervstef 

at 10 o’, separate; the and can of course h» ^ ^ mehmg 

dis^lvmgsdphurtetmdemit-^-F^nX^k^'c^^^ ^ 

fames a pw fainnng m nifnrte 

wa^telieatfeom tb- ^ ^phrme anq witb saftp^ 
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' § 9 The Manufacture of Sulphuric Acid — Contact Process 


The manufaoturo of sulplnirio acid by the contact process can bo illus- 
trated by the apparatus depicted in Fig 159 if the jar, etc , D, on the loft, 
bo replaced by a tower, packed with coke. Fig 161, down wlnoh water or 
dilute sulphuric acid is allowed to trickle The liquid absorbs the sulphur 
tnoxidc The o-sidation of the sulphur dioxide really in\ olves two opposing 
reactions represented by the equation 2SOo 0, ^ SiSOg By passing 
the mixed gases — air and sulphur dioxide— through a porcelain tube in 
the absence of platinized asbestos, about 10 per cent of sulphur trioxido 
IS formed at 400° under the conditions of manufacture, iihcrcas in the 
presence of platinized asbestos, vciy' nearly 100 per cent is oxidized 
Without the platinized asbestos, a maximum 30 per cent oxidation is 
obtained ]ust over 600° If the tempemturo, wth platinized asbestos, 
IS above or boloa 400°, tlio yield of sulphur tnoxido is lediiccd , for instance, 
at 260° there is a 46 per cent, conversion, and at 1000° no sulphur dioxide 
IS oxidized at alL Tlio curves. Fig 162, slioa the offeot of temperature 



on tlio yield of 
sulphur tnoxidc' 
The presence or 
absence of the 
catalytic agent 
does not aRect 
the final state 
of true equili- 
brium, but it does 
affect the speed 
at which the 
equilibrium is 
SB eo ao 'no% attained In 

Per cenr^so^ oonsoqucnco, the 
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Fia 101 — Con Fio 102 — Effect of Tompornturo on final state of cqui- 

denser for SOj llie Oxidation of Sulphur Dioxide hbrium apjioars 


dilToront uith and 


without the platinized asbestos because the process requires an indofinito 
time to attain a state of equilibrium without the catalytic agent Tlio 
cuiwes. Fig 162, thus represent the per cent of sulphur triosido formed 
when the mixed gases are passed slowly tlirough a tube wth and -without' 
platuuzed asbestos at the temperatures stated Not only is the speed of 
oxidation of the sulphur dioxide determined by tlio temperature, but it is 
accelerated by increasing the proportion of oxygon beyond that ropro 
sontod by the above equation two volumes of sulphur dioxide per one 
volume of oxygen Expononco shows that the most efficient mixture 
contains three molecules of oxygon per two molecules of sulphur dioxide 
■ The manufactunng process — ^Hio contact process was the subject of 
a Bntish patent by P Phillips in 1831, but it was not until seventy 
years later, when R Emotsch (1901) demonstrated the conditions nccossarj* 
for successful work, that the con-tact process attamod commercial succcas 
The results are now so satisfactoiy that the “ chamber process ” is con- 
sidered by many to lie a “ threatened industry ” -which will have to retire 
m favour of the more efficient “ contact process ” Threatened industries 
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sometimes live long, because competition acts as a healthy stimulus which 
loads to such improvements that the threatened mdustry has no difficulty 
m mamtammg its position 

1 The punfication of the burner gases — The mixture of sulphur 
dioxide and air from the “ burners ” must be very carefully cleaned from 
dust, finely divided sulphur, sulphuric acid, arsomc, etc , otherwisfe the 
platmized asbestos soon becomes moctive Arsemc is particularly injurious 
A verj'' small trace of arsemc m the gases soon paralyzes — “ poisons ” — 
the activity of the platmum The gases are accordmgly cleaned by 
passage through a chamber — the “dust chamber” — ^in which steam is 
injected , through a senes of lead pipes to reduce the temperature down 
to about 100° , through a senes of towers m each of uhich the gases meet 
a descending spray of water This washes the sulphunc acid, etc , from 
the gas Fmally, the gases are dned by passmg them up a tower uhero 
they meet a descendmg stream of concentrated sulphuric acid Tbo gases 
are penodically tested for dust, arsemc, etc , to 
make sure the scrubbers, etc , are workmg 
efficiently 

2 The contact chamber — ^The dned gases 
then pass into the contact chamber This is 
illustrated diagrammatically m Fig 163 In 
outhne it consists of a cyhnder which contains a 
number of tubes each packed with platmized 
asbestos placed between perforated shelves The 
dry mixture of sulphur dioxide and air enters Sxtc 
the contact chamber through a senes of per- 
forations near the base , and, after passmg up Fio 163 — Contact Chain- 
to the top of the cyhnder around the outside of (Diagrammatic) 
the tubes contammg the platinized asbestos, the gases descend through 
the platmized asbestos (whore oxidation takes place), and leave the 
apparatus 

The platmized asbestos is arranged in this particular maimer to avoid 
local nse of temperature by the heat evolved durmg the reaction , 

2SO2 + On = 2SO3 + 45 2 Cals 

Hence the system has a tendency to get hotter during the oxidation. 
Smoe the best results are obtamed when the temperature of the asbestos 
IS m the -^cii^y of 400 , everythmg is arranged so that the asbestos tubes 
are mamtamed at this temperature by the cold gases ascending m tho 

mterior of the cylinder 1 Evpenence shows that 96 to 98 per cent of the 

sulphur dioxide is oxidized m the oyhnder = ^ ® 

t ^ 1 condMsation of the sulphur tnomde —Tho “ ivhite mist ” 
of sffiphur tno^de is absorbed vnth groat difficulty by uateforSta 
sulphunc acid , but it is rapidly and completely abSrbed W 97 to 98^Sl? 
cent sulphuric acid. Hence the gases u^ch leavethn ^ ^ T 

pass mto cast-iron tanks contammg 97 to 98 nar PPn+ ° *i^^ chamber 
A stream of water or dilute acid is run mto tha onn.? sffiphunc acid 
a .ate^the st«ngtUof tha 

*” ‘•"'P-atara ty I,e.ta.g 

> Witt too o»d. .a oontoot .eoat, 00 to 68 j.* toot otodofoo lo obtood 



436 


MODERN INORGANIC CHEMISTRY 


funiuig acid bo required, one or more Avrought iron ^ absorbing vessels 
are placed between the oondonsmg tanks and the contact chamber 


§ 10 The Properties of Sulphunc Acid 

a/ C ontraction on dilution — When sulphurio acid is mixed ni water, the 
volume of the cold mixture is much leas than the sum of the volumes of 
Avator and aeid used It is remarkable that the greatest contraction occurs 
AVitli a solution oontammg about 97 7 per cent of H^SO^, that is, 79 7 
per cent of SOj There is another maximum contraction Avith solutions 
containmg 60 ]ier cent of free sulphui tnoxide, that is a total per cent 
of 92 65 SOj A curve shoAVing the volume of one gram of different 
solutions of sulphur tnoxide and of snlphuno acid, 1^804, m water is 
shoAvn m Eig 164 

Boiling point — Sulphurio acid (H. 4 SO 4 ) boils at about 270° Avith 
partial decomposition Some sulphur tnoxide passes off as vapour , the 
acid in the retort becomes weaker, and the boilmg point steadily rises 
luitil the acid has attained a strength of about 98 per cent HgSO, (that 
IS, 80 per cent SO 4 ), Avhon it distils ovei unchanged Conversely, on 
boihng dilute solutions of sulphunc acid, the acid becomes stronger and 



Flo 104 — Contraotion Curve 



Per cent SO^ 

Fio 166 — ^Boilmg Cun o. 


stronger smoc water or very dilute aoid passes over , at the same tune, 
the boihng point steadily nses as lUustrated m Eig 166, until the acid 
has attamed a strength of 98 per cent HgS04, distils ovoi 

unchanged, at 317° The monohydrato fumes sbghtly, OAvmg to the 
evolution of a httle sulphur tnoxide, when heated to above 30° The 
facts just mdicated are represented by the curve, Eig 166, Avhere the 
boihng pomt curve shoAvs a sharp apex at 317° BeloAv that temperature, 
Avater or dilute sulphunc ooid, and above that temperature sulphur 
tnoxide, is evolved At that temperature (760 imn pressure) a constant 
boihng acid is obtamed The specific gravity curve also shoAVS a maximum, 
or the contraction curve a mmimum (Fig 164), Avith an acid of nearly that 

concentration This acid also absorbs sulphur tnoxide more rapidlv 

“ greeddy ” — ^than either Avater or dilute sulphurio acid 

Vapour density — The vapour of sulphunc acid is completely dis- 
boeiated into water and sulphur tnoxide at 460° Grantmg this fact, and 
Avogadro’s hypothesis, vo have 


HaS04 =S03 + H 30 

2 \ ola 4 a ols 

/.oQi* shows that wrought iron as most efiUcient for tho fuming acid, 

cast iron for the more dilute acid * ' 
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Tlie vapour denaty should be about half tlmt requwd for H^SO^ The 

theoretical value (0 = 32) for H2SO4 IS 98. H St C Deville and L Troost 
(1860) found 60 03, which corresponds, very nearly, with a complete dissoci- 
ation At still higher temperatures, the sulphur tuovide itself di^ociates, as 
indicated 111 the curve, Fig 162 H St 0 Deville and H Debray (1^60) 
suggested a process for the manufacture of oxygen on this reaction They 
proposed to conduct the vapour of sulphuric acid through a porcelam tube 
filled with bits of porcelain heated to bnght redness But nothing has 
come of the suggestion 

Freezmg-pouit curves — The freezing point curves of solutions of 
sulphur tnoxido m water are shown in Fig 166 Maxima occur at points 
correspondmg ivith HBO^ 4 HoO, H!2S04 H^O, H0SO4, and H^SO^ SO3 
(pyrosulphunc acid) 'Our previous study of freezing pomt curves (pp 
161 and 230) shows that these may be taken to represent the composition 
of defirate compounds of sulphur tnoxido 
and water formed under the conditions 
stated 

Hydrates of sulphur tnoxide — Several 
hydrates have been isolated Pyrosulphunc 
acid — HjO 2SO3, or H2SO4 SOj — forms 
a transparent crystallmo mass meltmg 
at 36“ (p 430) Monohydrated sulphuric 
aad^—SOaHjO, or H2SO4— is a hmpid 
colourless hqmd without smell, mth a 
specific gravity 1 860 at 16“, and 1 822 at 
46“ It sohdifies at 0°, fonmng oiystalhno 
plates which melt at 10“ Dihydrated 
sulphunc aad — SO32H2O, or H2SO4H0O 
— ciystalbzes m hexagonal pnsms, molting _^t± 
at 8“ Pentahydrated sulphunc acid — v 

SO3 6H2O, or H2SO4 4H3O— melts at - 26“ Fm 

Tnhydrated sulphuric aad — SOgSHjO, or 
H2S0,2H20 — corresponds with a minimum point on the curve, and 
must therefore be regarded as a eutectic mixture under the conations 
of the experiment (c/ p 231) This does not mean that a hydrate 
H2SO4 2H2O will not exist under other conditions Several claim to have i 
isolated H^04 2H3O as a wlute crystalline mass, melting at about —70° 
The heat of dilution — ^When sulphunc acid and •watei are mixedl 
a considerable rise of temperature occurs The curve for the heat ot 
solution rises steadily fiom 39 Cals with 61 26 per cent H2SO4, to 193 
Cals with 100 per cent H2SO4 , and to 199 Cals with sulphuric acid coni 
tammg 2 per cent of sulphur tnoxide in solution, to 486 Cals ivith lOO 
per cent free sulphur tnoxide Hence sulphuric acid and water should 
be mixed mth care Do not pour the water into the acid, but always 
pour the acid into the water mth constant stimng 

Absorption of water by sulphunc aad— The great affinity of 
sulphuric acid for water is evidenced by its hygroscopicity and its use in 
desiccators, and in the balance case for keeping a dry atmosphere in these 
vessels , and also for drying gases Sulphunc acid acts upon many solid! 

correctly, call HsSO.H.O the » monohy 
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1 and liquid substances depriving them of water , or oven dcoomposing tlio 
I substance — splitting off the elements of water when no ready formed nator 
I IS present Wood, paper, sugar, starch, and manj organio substances arc 
I blackened by concentrated sulphuric acid omng to the separation of carbon 
I whn^ accompanies the removal of tho elements of water This property 
^is utibzed (p 681) for tho preparation of carbon mono-ado, (p 095) for 
i the preparation of ethylene The effect is easily demonstrated by stining 
f 10 grams of powdered cane sugar with 12 grams of concentrated sulphuiic 
I acid in a beaker Tlio sugar first becomes pale brown, rapidly darkens 
I in tint, and finally becomes black , at tho same time, much steam is 
I evolved and tho mass swells up considerably 

Action on metals — Sulphuric noid is an o-vidizing agent, particularly 
in hot oonoontmted solutions Witness tho preparation of sulphur dioxide 
I by tho action of hot concentrated sulphuric acid on coppoi, carbon, snlphur, 
^etc Tho cold concentrated acid docs not perceptibly attack copper, 
Woroury, antimony, tin, lead, and silver , but those metals are attackeil 
*by tho hot oonoontmted acid Tlio prolonged action of sulphuric acid on 
h'mercury IS said to give mercurous sulphide, moieurio sulphate, and sulphur 
I^dioxido , gold, platinum, indium, and rhodium arc not appreciably affected 
Iby tho acid hot or cold Dilute sulphuric acid dissolves magnesium, zinc 
tiron, cobalt, oodmiiim, manganese m tho cold, forming a sulphate of tho 
) metal and hydrogen Tho concentrated aoid has very little notion on these 
|!motala in tho cold, a few bubbles of hydrogen may bo evolved, but the 
'action soon appears to stop When heated, those metals give sulphur 
I dioxide and tho corresponding sulphates Warm, not cold, concentrated 
J sulphuric acid is reduced by hydrogen, particularly m tho presence of 
vsiilpliatcs and the platinum metals Impure hydrogen, even in tho cold, 
'reduces the acid, forming a trace of sulphur dioxide It is necessary to 
‘bear this in mind when drying hydrogen with concentrated sulphuno acid 
Solubility of lead sulphate — 100 grams of sulphuric acid containing 
06 0 per cent of sulphuno ooid dissolve 0 030 gram of lead sulphato , 
100 grams of 86 0 per cent sulphuno acid dissolve 0 011 gram , and 100 
grams of 63 4 per cent, sulphuric acid dissolve 0 003 gram of load sulphato 
The amount of load sulphato dissolved by more dilute solutions, say 2 \»r 
cent sulphuno acid, can scarcely bo detected Tho diinimshing solubility 
with inoroasmg dilution is illustrated by tho separation of lo^ sulphato 
os a white cloud when sulphuric acid, which has been m contact with lead 
vessels, is diluted with water 

^ II The Constitution of Sulphuric Aad and the Sulphates 

I om convinced that all tlioonos on the constitution of organic compounds, 
and nil controversies as to this or that niodo o£ writing forniulni, if not 
supported by a plausible arrangement of tho compound atom, will oid us 
but little m the acquisition of correct ideas — L Gviti in (1848) 

It wdl be obvious from our study of tho constitution of sulphurous acid, 
that a che^iQ^ formula_aims jt representing the chemical nature of 
the^compound m the simplest , possible' manner The formula is in- 
tended to describe the way the compound behaves when it reacts with other 
compounds , and to show, at a glance, its relations with analogous com- 
pounds^ Sulphuno acid, for example, is said “ to contain two hvdro-vyl 
groups,” meanmg that m certain reactions, tho OH groups can be exchanged 
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for equivalent radicles , that there arc certain relations between this acid 
and aU other acids contamulg OH groups , etc C Schorlenimer has said 
that the structural formula shons “ the past and future of a compound,” 
that IS, “ the relation subastmg between its progenitors and its progeny ” 
The formula for sulphuric acid is expressed SOofOH)^ for the foUoiving 
reasons — 

First — Chlonne can react with conceiitrated sulphuric acid, forming 
chlorosulphomc acid 01 — ^HSOg, where one OH group in sulphuric acid is 
rqilaced by chlorme Phosphorus pentachloride — ^PQ^ — call displace two 
OH groups m sulphuric acid, forming suiphuryl chlonde Cl — SOg — Cl Both 
these chloro compounds react uith water, forming sulphuno acid The 
two OH groups can hkeuTse be replaced with other radicles, e g NH„ 
^Smee two OH groups can be displaced together or eeparatel}', we infer 
from the rule of the constancy of structural arrangement that (1) sulphuric 
acid — H2SO4 — contains two hydroxyl — OH — groups 

Second — Like sulphurous acid, it is possible to make but one com- 
pound, CH3O — SOo — OK, by replacmg the hydrogen of the hydroxyl 
groups uith the radicles CH^ and C2H5 Hence it is inferred ( 2 ) the 
hydroxyl groups are related to the 'remainder of the atoms m the 
molecule H.SO4 m a S3rmmetncal manner 

Third — Certain umvalent hydrocarbon radicles— CgHj, CgH^, etc 
— can replace the chlorme m CIHSO3 and m ROoOL to form, saj^ ethyl 
Bulphomc acid— C2Ha SOa-OH, and diphenylsulphone^C6Hf)2S02, respec- 
tively The same compounds can be made by the oxidation of mer- 
captan— CgHg SH, and of diphenyl sulphide— (C6H3)5*S, m uhich the 
radicle must be jomed dureotly to the sulphur atom Assuming that the 
radicles remain fixed to the sulphur atom dunng the oxidation, it is inferred 
that ( 3 ) the hydroxyl groups m sulphunc acid— HJSO4— are directly 

attached to the sulphur atom Hence the formula HO — SO, OH 

IS prefcrablo to HO — 0 — S — 0 — OH for sulphuric acid* 

Last —We have not yet discussed whether the SO, group is constituted 


O^o^OH 

o^<oh; “ 



OH 

OH 


The sexivalency of sulphur m sulphur hexafluondc— SFo—pomts to the 
Mxivalraoy of the sulphur atom m the sulphates, and hence it is probablo 
that ( 4 ) each of the two oxygen atoms is attached to the sulphur atom 

Xtotid temula of 

^a^ remembenng that it is vciy probable that the best of our 
structural formula is not so closely related to the aotiinl on, f + 
ft. m the moleoulo ae the ataffed 

ate related to the livmg otgameme The aSThyS T T* 

ODde— H,SOo and H SO 2^ ™ 

graplncidly - . 25>^4 ^ILjO- are sometimes imtteh 

HOa 


0 


0 


^=0 


O^q^OH 


SOg 


H-SO^ 


O'' 

H2S04 HjO 


HOv /OH 
HOAS^OH 
HO^ ^OH 

H-SOi SHaO 
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jTliero IS not jot muoli oxijorimental evidcnco m snpixirt of tlio two lutlor 
lomxilas, and tbo motliod docs not help ns in dealing witli tlio hydrate 
H2SO4 til20 , nor in nnderstanding how tlioso aoids are all dibasic 


§ 12. Sodium, Potassium, Mercury, and Copper Sulphates 

Sulphuric acid produces salts — sulphates — ^when it acts upon coitain 
metals, metallic oxides, hydroxides, and carbonates The sulphates arc 
also prepared by heating salts of the more volatile aoids-^hlondes, 
nitrates, etc — ^ivith sulphuric acid Sulphuric acid is dibasic, forming tuo 
senes of salts — normal and acid sulphates, p 140 


O^^OH 

Sulphuno acid 


0^«<.0Na 

O^^OH 

Sodium ooid sulphate 


0;5^^0Na 

O^^^ONa 

Sodium normal sulphato 


The sulphates are usually fairly soluble m water, and ciystalhzc readily 
The sulphates of lead, calcium, strontium, and banum are but spannglj' 
Soluble in water 

Sodium and potassium sulphates — Tlie salts can bo prepared bj 
the general methods — action of acids on the corresponding bases, etc. 
IVhilo sodium sulphate crystallizes in monoclmie pnsms mth 10 molecules 
of water of oiystalhzation the potassium sulphato forms anhjdroub 
rhombic prisms The solubility of sodium sulphato has b^cn discussed m 
connection -with Fig 54 Both sodium and potassium form acid sulphates 
— ^tnohnic KHSO4 and rhombohcdral NaHSO^ — uhon heated uith sul- 
phuric aoid, and the mixtuio alloucd to cool Acid sodium sulphato is 
less soluble in water than the corresponding potassium salt Tims, 100 
grams of water at 26° dissolve 65 3 grams of EIQSO4, and 28 6 grams 
NaHSO^ , ulule at 100° the numbers are 121 6 and 60 0 respeotively 
Many minerals which resist attack by acids are broken doivn by fusion 
uith the acid sulphates Wlien, say, acid potassium sulphato is fused, 
water is evolved and potassium pyrosulphate, E^SjO; — also ivnttcn 
K2SO4 SO3 , or KjO 2SO, — ^is formed 2B[^04 = H.jO + EoS^O; 

Some more complex aoid salts are knoivn E^O 4SO3 , and 1^0 8803 

Sodium does not form highei acid salts than the pyrosulphate 
{/Manufacture of sodium and potassium sulphates — (1) Leblanc’s 
smt-cake process — Largo quantities of sodium sulphato are made m 
Leblanc’s salt-cake process by warming sodium ohlonde with sulphunc 
aoid m large cast-iron pans NaC3 + H^S04 = NaHS04 + HCl The 
torrents of hydrogen ohlonde which are given off are led tlirough con- 
densing towers for the preparation of hydroohlone acid After the first 
action IS over, and the mixture m the pans begins to stiffen, the sohd mass 
IS raked on to the hearth of a reverberatory furnace and roasted by passing 
the hot gases from burmng coke over the mass In tlus uay, most of the 
sodium acid sulphato is converted into the norniid sulphato NaHS04 -j- 
NaCl = Na2S04 HCl The greater part of the hyihoohlonc acid from 
tlio sodium ohlonde comes from the pans — “ pan gas ” — and the romaindor 
18 evolved dunng the roastmg — “roaster gas” Tlio losult of those 
operations is called “ salt-oako ” Salt-oako contanis about 95 to 90 iioi 
cent of normal sodium sulphato, and 4 per cent of a mixture of sodium 
thlondo, acid sodium sulphato, and other impurities which vioro associated 
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wtli tlio oiiginal sodium chlonde Salt-cako is used in tlio manufaotuio 
of sodium carbonato Potassium sulpbato, if desired, can be made m tlio 
\ similar way from potassium chlonde 

\ 1/^2) Hargreaves’ process — ^This process foi the conversion of sodium 

ohlorido into sodium sulphate avoids the intermediate formation of sul- 
phunc acid. The gases from the pyrites burners — sulphur dioxide and 
air — are passed through a senes of cast-iron cylinders m which the sodium 
' chlonde is heated to 600“ or 560“ In a few days, the conversion of the 
chlonde to sulphate is practically complete 4NaCl -f 2SOo + Oo + 
2 H 2 O = 2Na2S04 -h 4HC1 

/-^ (3) Sodium sulphate from kiesente — Sodium sulphate is made by 
mixing solutions of magnesium sulphate (from native laosorite) mth 
sodium chlonde Double decomposition occurs 2NaCI -f SlgSO^ = 
MgClj -f Na,S 04 On coohng the mixture, crystals of sodium sulphate 
are deposited from the solution 

(4) Potassium sulphate from kaimte. — ^Potassium sulphate can be pre- 
paid from the crystals of K 2 SO 4 MgS 04 6 H 2 O which remam when a 
hot saturated solution of kamite— K:aS 04 MgS 04 MgCL, GHjO— is cooled 
The double sulphate of magnesium and potassium is” treated mtli tho 
iiecessaiy amount of potassium chloride , when crystals of normal potassiupi 
sulphate separate from the solution, tho mother hquid retains tho more 
soluble double salt — ^KCl Mgd, 

Mercurous and Mercunc 'sulphates —These two salts can be made 
by heating mcrcuiy inth sulphuric acid Here, as is generally the case 
in propanng mercury salts, if the metal bo m excess, morcurous salt 
IS pri^uccd ^Hg 2 S 04 , and if tho acid bo 111 excess, tho morcuiio silt 
— HgS 04 — IS formed Mercunc sulphate decomposes ivhoii heated, forming 
mcicurous sulphate Basic salts are formed ivhon mercuric sulphate is 
biought m contact wth water, eg " tuipoth nuueral,” 2HgO HgSO, 

is formed as a yellow powder when mercuric sulphate is digested with 
boning water ® 


Cupnc sulphate Cuprous sulphate — CU 2 SO 4 — ^lias already been dis- 
cussed, p 388 men copper oxide or metalhc copper is dissolved in 

sulphunc acid, blue tnclimc crystals of copper sulphate — CuSO 6 ILO 

saturated solution on coohng The ciystals are'also 
wHed blue vitnol, and they are prepared on a largo s^lo by heating 
^rap copper m a^ace , sulphur is thrown on to the i-ed hot metal to 
form copper Bulphid^CujS, air is then admitted, and the sulphide is 
oxidized to the sulphate Copper sulphate is also made by roaime 
copper sulphide ores so that most of the iron is un « 

then digested with “chamber sulphunc 

xoxmd m tlio resulting solutioii is not oKif^pfinr^oWA t ? « 

appheations of eoppe? sulphate C^pL S Z 
^parated by fractional or 7 BtaUizatiO)r because a dnSn ^ 
deposited from solutions contammg relatively lawnZ^ salphate is 
sulphate To punfy Conner suInhafA frrs ^ quantities of iron 
preoipiteted l>y dip^ a Zl 

««.4 o. 


as 


The properties of copper su]phale.-At M0» tho Woo oiyslals of 
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GuSO^ SBEjO lose foui molecules of water, and the i-osidual monohjdrato 
— CuSO* H„ 0 — IS bluish -n hito At 230 ° white anhydrous copper sulphate 
—011804—18 formed. The anhydrous sulphate is ^ory hygroscopic, ond 
it turns blue by the absorption of moisture Hence anhydrous copper 
sulphate is used os a test for small amounts of iTOtei, and also for diyring 
gases More precise ideas on the dehydration of copper sulphate will be' 
developed 111 the next section Copper sulphate is used in olcotroplatmg,’ 
m clcotrio batteries, dyemg, oaheo pnntmg, prcservnig timber, as a germi 
oido and insecticide for trees , and in the purification of certam typos of 
dnnkmg water 

Basic copper sulphates — ^By digesting copper sulphate mtli copper 
ovide, for a long tune in air, a yellow poivdor of CUSO4 CuO. is formed 
This basic sulphate, when throivn mto cold water, forms a green insoluble 
compound — CUSO4 3Cu(OH)2 , and in boiling vatcr — CUSO4 2Cu(OH)3 

Ammomo-copper sulphates — ^MTien ammonia gas is passed mto an 
aqueous solution of copper sulphate, the precipitate uliich first forms 
redissolves, and a deep blue solution is obtained when an excess of ammonia 
has been added Tins solution deposits blue rhombic crystals, whieli, 
•when dried over hme, have the composition CuS04(NH3)4 H20 Tlie 
crystals decompose on exposure to the air, and, when heated to 140 °, 
jiass mto CUSO4 2NH3 , at 203 °, mto CUSO4 NH3 , and at 200 °, into 
anhydrous CUSO4 The salt CU&O4 NH3 is also formed when ammonia 
gas IS brought m contact mth anliydrous copper sulphate 

§ 13. The Vapour Pressure of Hydrates 

If a substance can form a number of definite hydrates, at any given 
temperature, each hydrate has its own charactenstic vapour pressure 
For instance, copper sulphate forms thitio hydrates mth vapour pressures, 
at 60 ° 


Ciompound 

Formula 

Vopour Pressure 

Water alone 

HO 

02 0 mm 

Pontohydruto 

CuSO< 6H,0 

47 0 mni 

Trihydrate 

CuSO, 3H,0 

JO 0 mm 

Honohydrate 

CuSOi H.0 

4 5 mm 


Suppose that water vapour bo dowly admitted to a “ closed ” vessel 
contaimng anhydrous copper sulphate at 60 °, the vapour pressure uill 
romam constant and fixed at 4 6 mm untd all the anhydrous copper sulphate 
has been transformed mto the monohydrato CUSO4 + H „0 ^ CUSO4 
HjO , any further addition of water vapour will be followed! by a rise ui 
the vapour pressure -tthioh will remam constant and fixed at 30 mm until 
all the monohydrato has been transformed mto the tnhydrato CUSO4 
H3O -h 2H3O ^ CUSO4 SHjO Further additions of water vapour mil 
be attended by a rise of the vapour pressure to 47 mm and the vapour 
pressure ivill remam stationary until all the trihydrate has been trans- 
formed mto the pentahydrate CUSO4 SHaO -1- 2H3O ^ CUSO4 OBLjO 
Any further addition of water vapour ivill raise the vapour pressure imtd 
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tlio water condenses to a liquid and gives the vapour pressure of a saturated 
solution of copper sulphate at 60° ITinthei additions of uatei vapour 
■will simply inciease the amount of condensed water Wlien all the copper 
\ sulphate has dissolved, the vapour pressuio wll ho determined by the 
concentration of the solution of copper sulphate 

Conversely, starting mth the pentahydratc, the reverse change mil 
oocui if water bo continually withdrawn fiom the qrstein The vapoui 
. pressure of the pentahydratc, 47 mm at 60°, will be maintained as long 
i as the system contains any of the pentaliydiato WHion all the penta- 
\ hydiate has decomposed, the vapour pressure will drop suddenly to 30 nim 
'^and remain stationary until all tho triliydrato has decomposed, the 
\vapour pressure will then fall abruptly to 4 6 mm and remain at that value 
until all the monoliydrato has decomposed into anhydrous coppei sulphate 
These changes are usually shoum diagraminatioally by curves resembling 
Fig 167 Amounts of water, expressed m gram-molecules, are ropie- 
Fented on the hoiizontal axes, and the vapour pressures along tho vertical 
axes Tlie constancy of tho vapour pressuie of each hydrate is emphaswetl 
hy the horizontal terraces on the vapour pressuio curve 

Tills step hy-step dissociation of the hydiates furnishes a method which 
IS sometimes available for dcoiding whether or not definite compounds 
exist at defimte temperatures If definite 

compounds are produced, the gradual *° ra i 1 1 1 im n i ] 1 1 n 

addition or removal of water vapour mil ^ 

alter tho vapoui pressure curve until a | 

pressure is reached which remains con- ^ somm' 

^nt for a certain period, and then sud- :':■■■ 

donly assumes a new constant value | ^ 

It must be added that some (cy P 11 1 1 1 1 (| {11 1 1: ^^^ 

Blackman, 1911) consider the dehydration ^ * s z / g 

of copper sulphate pentahydrate is com- 

parable with the removal of water from — Vapour Pressure 

an ordinary aqueous solution, and that Curves of tho Hydrates of 
the “breaks” m the curve are due to 

a mal-i^rpretation of imperfect exponmonts This, however docs 
not interfere with the prmciple involved By measunne tho ^ f 
deoomposikon of hydrated aluminium and feme hydroiidS, W Bamsav 
mferred the non-existence of definite hydrates , but ho conciS 
that two were fomed with lead oxide— 2PbO HoO, and 3PbOHf? 

J K van Bemmelen, for similar leasons, bohevedin the non eviof 
of defimte hydrates of silicic acid The uimmuL uS dT 

also be appbed to compounds of ammoma^with silvw chWi?f 
sulphate, copper ohlonde, etc blonde, copjipr 

§ 14 Water of Crystallization 

hydrates, sh^ “tt®' 

sulphate, yet the water of one hydrate does not teoleculcof coppoi 

the other hydrates This water is somai-imno « diffoi m kind from that of 
stitutional water,” “ water of %led “ eon- 


® — Vapour Pressure 

Curves of tho Hydrates of 
Copper Sulphnfo 


mte .s rarasw 
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“water ot combination” Tho notnni term iiiod tloD‘» not matter ver\ 
much jiroviclcd it in not inisundoraleod The inode of w rit ing llie formula* — 
CiiROj 5HaO , Na^RO^ lOHjO — and the ease with wliicli the hjdratcs 
dissociate into water, etc, might gi\e iiko to tlio idea that tho water 
molocnlo OMsts in the liydrate reedv-inado Tliero ik lIOwe^ er, no evidence 
liow'the olomente of walei arc combincrfin the hydrate We know \er\ ( 
little beyond the simple fact that water is a product of the dissooialioiv 
ot tho hydrates 

If the term “ watoi of crystallizaiton ” be carelessly einjiloj cd, it may 
suggest that crystallization is somehow dependent on tho presence of 
water, and this the more, as cHlorcscont salts “appear” to loso their 
crystalline cliaraotor when water is lost Ciystals of gyTisum — CiuSO^ 
«2H„0 — ^form a white chalky powder when the water is driven off , ci^stal 
I lino sodium carbonate, and also Glauber’s salts, likewise produce white 
pow dors w hen t heir combined w att r is expelled The pow dcred dcliy dm ted 
•substances are nil oiystallinc In fact, practically all cliimical compounds 
' can bo oiystalhzed Crystallization is not dependent upon the presence 
• of water Sulphur, common salt, iodine, potassium chlorate, potassium 
1 sulphate, and numerous other ciystalhne substances do not contain the 
^elements of water Again cnstalhne calcspnr does not contain tho 
'elomonls of water, and yet when calcined it gl^cs a white powder The 
, calcspnr has lost carbon dioxide, not water 

ToproNontunj mHundonitnndina tho sludont should horo make sure that ho 
IS porfootly clear about tho use of tho terms anhydrous and anhydride The 
lattor term, in inorgamo ohomistry , is applied to those oxides which unite with 
water to form on acid, while “unhtdrons” ih an adjective applied to oxides 
salts etc , when it IS desired to emphasize tho fact that thov do not contain tho 
olmnonts of water — water of erv staihzalion, water of combination, etc 

Alcohol, CjH OH, has a constitution similar to water, but one of tho 
hydrogen atoms of water is replaced by tbc radicle CjH^ Both alcohol 
and hydrogen peroxide can combine with certain o'tlitr molecules to 
form complexes, and thus wo speak of “alcohol of crystallization,” and 
“ hy drogen peroxide of crystallization ” 

§ 15 Calcium, Banum, Strontium, Magnesium, Zinc, Ferrous and 

Lead Sulphates 

Calcium sulphate — ^Tliis salt is a by product in some chemical pro 
cesses It occurs in nature in white mosses ns gt/psum — CaSO^ SHjO 
It IS used as a fertilizer under the name “ land plaster," and also in the 
manufacture of plaster of Pans If the gypsum occurs in clean fine 
grained mosses, it is called alabaster and if in colourless translucent 
crystals, sehmte. An anhydrous form of calcium sulphnto also occurs 
native 111 rhombic crystals, it is called anhydrite — CaSO^ There is also a 
vanety of anhydrous calcium sidplinto wliicli is made artificially, and 
which IS more soluble than natno anhy'dnte Artificial anhydntc is an 
unstable variety 

In 1766 A L Lavoisier prox cd that gy-psum is a comixnind of siilphunc 
acid and lime, and later analyses of the purest varieties show that 
gypsum 18 composed of 79 1 per cent of calcium sulphate, and 20 9 per 
cent of water, MTien these numbers are transferred mto a molecular 
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ratio, by dividing ilio weight by the molecular weights of calcmm sulpbato 
and water rospeotivoly, the empirical formula for gypsum coiicsponds 
with that indicated above — CaSO^ 2HoO 

\ The action of water on calcium sulphate — ^Tlie solubility of calcium 
i^lphate vanes in an unusual manner mtli changes of temperature, foi it 
gradually increases up to 38®, and then diimmshes as illustrated in Fig 168 
A hydrate in the presence of its solution is stable if it be less soluble than 
the other hydrates (or the anhydrous salt), m other uoids, ,if a, salt 
forms .several_h.ydrates,_that hydrate wilL^be stable which is in 
equilibrium with the weakest solution For instance, below <12 8'’, a 
Solution saturated ivitb Na^SO^ lOHjjO is less concentrated than a solution 
saturated with the anhydrous salt, and accordmgly, Na^SO^ lOHoO is the 
stable compound , above 32 S'* the solution of anhydrous sodium sulphate 
18 less concentrated than a* solution of Na,SOj lOHoO, and therefoic the 
anhydrous salt is the more stable form 


Agam, aJhxdrate v/ill, be .stable in the pr wence of a solution if the 
vapour .pressure^ of the hydrate be less'th^ tfie^'vapoufjp r^ure of 
the ..solution with which it is in earn- ' 

librium If the vapour pressure bo ^ 
greater, the solid phase changes to the i 5 j ::::::::::: : ~ j | | j ~ { f 

hydrate possessing the next lowest 

vapour pressure The hydrate ivith the ‘ ; 

largest proportion of water and the t '‘s’-’- 

smallest vapour pressure will bo formed | I 5 ■■■■■■' ■ 
m the coldest solution For mstanco, | 5 ; 

above 32 8°, the vapour pressure of 1'^ 

Na^SO^ IOH3O in contact with anhydrous 2 ^ - • - ■ - 

sodium sulphate is greater than the 
vapour pressure of the solution saturated 

with anhydrous sqdium sulphate, and [,y, ‘ PJlS 

therefore Glauber’s salt, NaoSO^ lOHgO, ffrsmi Ca so. perfooc c 

changes into the sobd anhydrous salt v, c , , . 

audits saturated solution Tlio vapour ^ calcmm lulp© 

pressure of an aqueous solution of 

anhydnte, CaSO*, at ordinary temperatures is greater than the vanour 
pres^ of an aqueous solution of gypsum, CaSO. 2B;0 Hence imi3 
will be deposited from such a solution, and solid aSydrite plaSfm tho 
solution wiU pass into gypsum ^ ^ 

The usual effect of a foreign salt on a solution is to loner tho vanour 
pressure of the solution at a given temperature This mav 
formation of a lower hydrate Thus the vapour nrcssiiro of ^ 

^Imum sulphate contaimng much sodium and magnLum chlondi 
aan the vapour pressure of a solution of cynsum and arooTvI.r,^ ® 
drite is deposited from such solutions , a^, if ^sam bo nwS’ 
solution, it will pass mto anhydrite For instaSv tnrr,o, ^ 
with pnre water changes mto anhydrite at about 66° **1 contact 

a saturated solution of sodium Srido T! 

CaSO, 2H,0 = 2H,0 + cS^Ts aTw t 
present, the mveimon temperature may he sS hZr ms 
formation of anhydnte when the Stassfurt deposits were laid bv ^ 

evaporabon ol H do J 
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occurs in deep seated regions protected from moist an If it occurs near 
the surface, and is so brought in contact with moistuio, it is always asso 
ciated with gypsum into which it is slowly changing The presence of 
anhydrite in the Stassfurt deposits was inexphoablo untd those facts were 
discovered Tlie absence of the hemihydrato was also puziding until it 
was found that the hemihydrato is in an unstable condition if other more 
stable forms are present, when it slowly changers into gypsum or anliydnt^ 
if one of those salts bo in contact with it The hemihydrato is stable under 
a ivido range of conditions if the more stable anhydrite or gypsum bo 
absent 

Plaster of Paris — ^Wlion gypsum is heated to about 120° it loses the 
equivalent of 1 J molooules of water, and forms a hemihydrato, (CaS 04 ) 2 Hj 0 , 
as a white powder called plaster of Parts — ^because of the largo deposits 
of gypsum employed for the manufacture of plaster at Montmartre (Pans) 
Tlie transformation or inversion temperature 

107 “ 

2CaSO^ 2 H 2 O (CaSO^laHjO + 3 H 2 O 
is 107° If g 3 rpaum be heated with water under pressure at 160° 
“ silky *' needle like crystals of the hemib>drate are formed. Hence this 
hydrate is said to occur in “ boiler deposits ” when water oontainmg 
gypsum in solution is heated in steam boilers Tlie homiliydrate is 
unstable as mdioated above Plaster of Paris is a mixture of flio anhy- 
drous, dihydrato, and hemihydrato, and hence it is an unstable system 
The change of the hemihydrato into anhydnto and gypsum is so very slow 
at ordinary temperatures that the sotting qualities are not lost 1^ pro- 
longed storage out of contact with air 

When plaster of Pans is wetted vnth, say, one third of its weight of 
water, it forms a plastic mass which “ sets ” m from 6 to 16 minutes to 
a wlute, porous, hard moss Plaster of Paris is a valuable material for 
making exact reproductions of statues, ornaments, moulds, decorative 
work, etc. The shght expansion which occurs dunng the settmg of plaster 
of Paris enables it to make a sharp reproduction of the details of a mould 
Different grades are used for wall plasters, cements, paper sizings, etc 
Admixtures of borax, alum, etc , with the plaster retard the rate of settmg , 
while common salt, etc , acoolerato the rate of setting Alum makes “ set ” 
plaster much harder — ^the mixture of plaster with alum is called Keene's 
cement, wlule a mixture with borax is called panan cement, and a 
mixture of plaster with hydrauho lime is called Scott's sdenitxc cement 

Plaster of Pans, m settmg, reforms a moss of interlacing needle hke 
crystals of the dihydrate. Good plaster of Pans probably contains a 
mixture of the dihydrate, hemihydrate, and the anhydrous salt Anhydrous 
calcium sulphate is more soluble than the dibydiate, and accordingly 
when water is mixed with the plaster, the anhydrite dissolves first, and 
passes mto the dihydrate This recrystallizes about the undissolved 
particles of the dihydrate in needle like crystals 

If plaster of Pans be heated above 200°, it passes mto anhydrous 
calcium sulphate which does not harden and set because it takes up water 
very slowly This is the so called “ dead burnt ” plaster A Potyhtzm 
called this ^ CaSO^ to distmguish it from the a CaSOj, formed between 
120° to 200°, wluch readily takes up water and hardens Accordmg to 
Rohland, another soluble form, similar to, if not the an-inn as a CaSO^, 
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IB formed ■when gypsum is honied to about 520® This is the Estiioh- 
Gyps or “ floormg plaster ” of the Germans, so named because it is 
largely used m Germany for making floors Tho sloirei rate of setting of 
iho hatd-ftted plasters is probably due to (1) delayed recrystallization 
of tho dihydrate O'wing to supersatnration , and (2) to tho slower rate of 
solution of tho anhydnto calcmcd at a high temperature Tlio texture of 
the “ set ” plaster is thus dependent on tho into of sottuig, which is in turn 
dependent upon tho composition of the plaster, that is, on the tomporatui-c 
of calomation, impurities m the native gypsum used m making tho 
plaster, etc 

Banum and strontium sulphates — ^Native strontium sulphate — 
SrSO^ — ^is called edeshne Banum sulphate occurs in nature as barylcs 
ox heavy spar -which occurs in large rhombic prisms Crystals of anhy- 
drite and of the banum and strontium sulphates can be made by deposition 
from solutions m hot concentrated sulphunc acid Barium, strontium, 
and lead sulphates are isomorphous They form mixed orystala "with one 
another, but calcium sulphate does not f onn mixed crystals with the others 
Barium and strontium sulphates are formed as heavy white lircoipitates 
when sulphunc acid, or a soluble sulphate, are added to solutions of 
barium or strontium salts respectively The precipitates arc very sparingly 
soluble m ivater Comparmg the solubihties of banum, strontium, imd 
calcium sulphates 100 grams of water at 10° dissolve 0 19 gram of 
^0^— calomm mlpbate , 0 10 gram of SrSO^— strontium sulphate, and 
0 0002 gram BaSO^— barium sulphate Tho low solubihty of barium siil- 
phate IS utili 2 ed foi the detection and determination of both barium and" 
mlphunc acid. If a soluble sulphate be added to a soluble barium sail 
the banum iviU be precipitated as banum sulphate ; aud comersely, if a 
soluble barium salt be added to a soluble sulphate, tho “ sulphate ” inll bo 
precipiteW as barium sulphate Barium sulphate is fairly soluble in hot 
concentrated sulph^o acid and the solution, on cooling, deposits an 

solution also deposits tlio 

normal sulphate as a white precipitate when diluted inth water 

Batmm sidiihate is used as a source of the barium salts— one method 
of tranrformation was discussed m connection with barium chlonde in 

sodium sulphate can bn 
out mth watei, and banum carbonate remains as a residue This 

3 P^‘>‘i«'^tion oUYe requmod 



448 


MODERN mORGANIO CHEMISTRY 


At 160 ® the crystalline salt passes into the monohydrate — MgS04 HgO , 
and at 200 ® the anhydrous salt is obtained. Magnesium sulphate forms 
a senes of double salts — ^MgSO^KjSO^ 6H2O, schontte — eiystalhzing in 
monoelinie pnsms, isomorphous mtli MgSO^ TH^O Like banum sulphate, 
crystals of the acid salt MgSO^ H2SO4 are deposited from a hot solution of 
magnesium sulphate m sulphuno acid, and from cold solutions, the acid 
salt MgS04 3H5,S04 is crystallized Crystalhno magnesium sulphate — 
MgS04 7H2O — ^18 also called “ Epsom salts,” because it occurs abundantly 
in the ivater of the Epsom sprmgs. This salt is used m medicine, m the 
tanning and dyomg mdustnes , and in the manufacture of paints and soaps. 

Ferrous sulphate, FeS04 — ^The rhombic pnsms of MgS04 THgO are 
jisoraorphous mth the correspondmg salts of zmo — ^ZnS04 TH^O , cadmium , 
firon — ^F cS04 7 Hj 0 , manganese, chromium — CrS04 7H30, cobalt, and 
^uickcl Ferrous sulphate — ^FeS04 7 H^ 0 — ^is also called “green vitnol” 
land “copperas” ^e term “copperas” appears to be a corruption of 
i the French “ couperose,” which, in tumj is a corruption of the Latm 
^“ouprirosa” — ^hterally “rose of Qjrpras” Qyprus was once renowned 
for its copper mmes. The German word for copperas is “ vitriol," a term 
used by Phny, about 60 a n Phny desenbed this substance as “ vitnolus 
quasi vitrum,” moamng “vitnol, a kmd of glass,” smee the crystals 
resembled green glass, but differed from glass in bemg easily soluble lu 
ivater Sulphuric acid was obtained from “ vitriol,” and Qeber accordingly 
gave it an Arabic name, which, translated into English, moans oil of vitnol 
The term “ oil ” ’ivas applied because the acid flows sluggishly like ohve 
oil, and it has an oily feel when rubbed between the Angers (this latter 
experiment is dangerous) 

Ferrous sulphate can be made by dissolviiig iron m sulphuno acid, and 
ako by exposing iron pyntes (marcasite) to air and moisture Oxidation 
occurs, and the hquid which drams away contains iron sulphate and sulphuno 
acid , the “ dramage solution ” is converted into ferrous sulphate by the 
addition of scrap iron , on crystallization, the solution furmshes pale green 
crystals of ferrous sulphate Aqueous solutions of the salt oxidize quioklv 
when exposed to the air The doable salt — ^FeS04 (NH4)2S04 flH^O — 
ferrous ammonium sulphate, or, Mohr’s salt, is employed m volu 
metne analysis Its aqueous solution, portic^rly if aoidifled with 
sulphuno add, oxidizes much more slowly than ferrous sulphate Ferrous 
sulphate is used m the manufacture of blue pigments , as a mordant , and 
in the manufacture of black inks 

Zinc sulphate, ZnS04 7H3O — ^This salt is very like the magnesium 
sulphate m its general behaviour It is made by roastmg the native 
sulphide in an The zinc sulphate which is formed at the same timn is 
^ extracted with water — vide p 23 The salt is called “ white vitnol ” 
Zinc sulphate is used in makmg cortam battery solutions. 

The hydrolysis of zinc and magnesium salts —Reference might 
now bo m^o to the hydrolysis of zinc and magnesium chlorides, p 244 
The elcctnoal conductivity of the purest ivater yet made is very shght, 
but it can be detected, it is 0 000000038 , this number means that a 
column of uatcr one centimetre long will not conduct an electneal current 
bo -ttoll as a column of mercury of equal cross section and oxtondmg more 
than 30 times round the earth Accordingly, it is inferred that the purest 
ivalor jot made is slightly ionized ILO ^ H + OH', and that ivaler is 
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thus an amphoteric oxide Eighteen grams of such water contains ahoufc 
a sWffTO g 0 ^ a gram of H ions, and TCToSmm a grain of OH' ions 
If aU or part of one or other of these two ions bo removed, more 
water molceulcs will ionize in order to keep the equilibrium ^aluo 
constant The ionization of a few weak acids deduced from con- 
ductivity measurements for N-solutions, ivith HCl as standaid of 
reference, is 


Hydroohlono acid 01 400 

Carbonic acid 0 174 

Hydrosulphunc acid 0 076 

Hydrocyanic acid 0 011 


Zinc Buliihate is completely ionized in dilute solution, ZnS04 5?=^ Zn SOj" 
The Zn 10ns pair with the OH' 10ns of the water to form feebly ionized 
Zn(OH)2 molecules , more water is ionized 111 order to maintaui the 
eguihbnum value HjO^H + OH', and these actions contmuo until the 
concentration of the zinc hydroxide has attamed the oqiulibiium value 
Zn(OH)2 ^ Zn + 20 H' ^^Tien that occurs, a considerable proportion 
of the OH' molecules have been withdmivn from the solution to form 
molecules of zmo hydroxide, and an excess of the H 10ns m solution arc 
“paired,” so to speak, with the SO4" 10ns of the zinc sulphate The 
scheme may be rcpiesented 


ZnS 04 :^Zn + SO/' 

+ + 

2 Ho 0 ^ 20 H'-f- 2 H 

‘ I ^ 

S' u 

O 

w P 

to 

An aqueous solution of zinc sulphate thus behaves m many ways hkc a 
solution of sulphuric acid— e g turns blue litmus red, etc H an alkali, 
say so^um hydroxidey.be added to the solution of zmo sulphate, the OH' 
lOM of the haw umte directly with the H ions of the acid to form water, 
* j sufficient OH' ions be added to remove all the H 10ns of the 
^id, the solution wffi contam nothmg more than would be obtained by 

hydroxide is removed from 
^efficient*” precipitation when its concentration exceeds the solubihty 

mmeral anglesite is the native form of 

LSwi?^ f 2 a white pr^c^itto^vhcn 

7 a soluble sffiphato is added to a solution of a lead salt 

imosuipbate When potassium sulphate is added to a soluble leail oalf ' n 
double lead potassium sulohate VKK \ f j m i^cl salt, a 
sulohafii pPKQfi PkA 1 * 18 formed. The basic lead 

and subliming the prodS* m'atoT'rf 

mem^inied ate Isod-and m not so readily diseoIoSd 
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§ i6 Aluminium Sulphate and the Alums. 


Aluminium sulphate, AySO^)! — ^This salt is nrep arcd b^ dissolvu ig 
the hydiatedjexide in stilphun o aoTd Largo quantifcra too are inode by 
disrolviS^auxite, alid the piirer vatioties of clay m the same acid The 
crude idununium sulphate so obtained is called “ alum cake,” and if much 
iron is present, “ alum ferric oako,” used m the purification of sewage. 
A purer sulphate is mode by heatmg bauxite with sodium caibonato, or 
by boilmg ciyohte with milk of lime In each case a solution of sodium 
alummatc — ^AlaOg SNOjO — almost free from iron is obtained. Tlie sodium 
aluminate is then decomposed by a current of carbon dioxide, and the 
precipitated alumimum hydroxide is dissolved m sulphuric acid When 
the solution IS concentrated, the mass solidifies to a white sohd which 
docs not crystallize very readily The ciystalhno sulphate has the com- 
position represented by Al2(S04)j ISH^O 

The aqueous solution of alumimum sulphato has an acid reaction, and 
m the presence of zme it evolves h>drogcn, a basic sulphate is formed 
at the same time Obviously, the alumimum sulphate is hydrolyzed m 
aqueous solution Al2(S04)3 -|- GHgO ^ 2A1(0H)3 3H3SO4 The basic 
sulphates are formed by boiling tte sulphate with freshly precipitated 
alumimum hydroxide The composition of the alumimum sulphates — 
alumimum tervalent — can bo represented graphically 


/OH 
Al^OH 
^OH 
A1 bjdroxide 


•^^'**(0H)3 

Dibasic sulphate 


^'^oj 

Monobasic sulphate 


^€so 

•^'^04 
Normal sulphate 


Werner has another mode of viewing the constitution of the alums which 
will be desonbed later 

I Alums — ^UTien a hot solution of alumimum sulphate is mixed wth 
potassium sulphate, and the solution is cooled, octahedral crystals of a 
double sulphato of aluminium and potassium separate The sit has the 
empirical formula, K31SO4 Al2(S04)3.24E[30, or elw ELA1(S04)2 12H2O 
This salt IS atypical member of a large number of isomorphous compounds 
which are called " alums ” Their general formula is 


R'S04RJ»(S04)3 24 H 20 , or, R'R»'(S04)3 I2H3O 

[where R‘ represents an atom of a umvalent metal or radicle — ^potassium, 
[sodium, ammomum, rubidium, osesium, silver, tbalhum, and R’“ 
[represents an atom of a tervalent metal — alumimum, iron, chromium, 
■ manganese, thallium Ckmsequently, an alum is a compound which 
crystallizes unth 12 molecules of water, and is denved from two molecules 
of sulphuric acid by roplaomg one hydrogen atom by a umvalent atom oi 
radicle , and the remaining three hydrogen atoms by a tervalent metal 


Potash almn 
Ammonia ulum 
Iron, alum 

Oliromium potash alum 


KAl(SOd3 12H,0 
NH^AKSOi)! 12H.0 
KFeCSOds 12H,0 
KCr(SOd. ISH-O 


A senes of selenium alums have also been mode m which the sulphur 
atom in 18 replaced by an atom of selemUm The selcmum alums 

are isomorphous -with the alums proper 
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Hie alums are usually much more soluble m hot water than m cold , 
and they aie deposited from coolmg concontratod solutions of the tuo 
salts in the form of octahedral oi cubical crystals Wlien heat^, the alums 
give up their water of crystallization Potash alum ineltTat alioiTt (12 6 °, 
and slowly loses all its water of crystallization at 100 ® , at highoi tem- 
peratures, the water is dnvon off more rapidly, and leaves behind a 
white porous mass called “ burnt alum ” Ammonia alum when calcined 
gi ves a residue of alumina — ^AlgO^ — ^whioh maj^ contain traces of sulphates 
The soEible sulphates can bo removed bj' w ashing 

The solubilities and melting points of the alums of the alkali metals aio 
compaied in the following scheme^ 

Sodmm Potassium Ammonium Rubidium Oicsium 
Melting point 66“ 02 6“ 04 0® 105“ 120“ 

Solubiuty 16°, 100 grams water 61 16 12 2 2 0 0 

Litlunm does not form a ivell-defined “ alum,” and soda alum is not easy 
to make 

Pseudo>alums — A senes of double sulphates, sometimes called pseudo- 
alums, can be mode by mtroducing a bivalent element — manganese, ferrous 
iron, copper, ymc, magnesium-^n place of the univalent element of ordinal y 
alums Thus, 


AlofSOJa MnSOi 24HoO A12(S0 ,)t FeSO* 24 H 2 O 

Manganese aluimmmu pseudo alum PorrouB aluininiuni pseudo "alum 

Tliese alums are not isomorphoua with ordinary alums 

Alum-stone or ahmt& is a kmd ot basic alum— KjSO^ Al ,(.S0 .)« 
4A1(0H), —found near Rome, m Hungaiy, etc It is supposed to hai’c 
been formed by the action of volcamc sulphur diomdo on the felspathio 
rooks It IS msolnble m water but, on calcination it gives a residuum 
of alumina (mixed with feme osidc os impurity) and potash alum posses 
into solution when the moss is digested with water Alum prepared in 
this way is oallod “ Roman alum,” and that which occurs m commerce is 
oiystaliiz^ m cubes Roman alum is fairly free from iron, and it has been 
m demand dyemg, etc — ^whoro a specially pure alum is required , but 

the modem methods of preparation furnish an alum quite as free from non 
Fernc sulphate, Fe 2 (SO ^)3 —This salt is prepared by adding sulphuric 
acid and an ^dirang agent— -nitnc acid, hydrogen peroxide, etc — to ferrous 
sulphate Thus 2 FeS 04 + -f = Fc 2 (SO ,)3 -f 2H„0 On 
evaporation, a wbte mass of anhydrous salt, FealSOJ,, and some basic 
.5 fom»d H the solution be noxod mth tho‘ nooeeauTomS 
abov^*^^to octahedral crystals of iron alum, mentioned 


§ 17 Persulphunc Aad and the Persulphates 

HL Berthelot (1878) found that when a mixture of oxvcen and snlnlmr 
dioxide IS exposed to the silent discharge in an ozone S oX droni of 
sulphur heptoxide, S,0„ arc formed 2S0, + 0, L S 0 Tlio bnnfi 

doiSsos.lrkeomng £ 
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with hydrogen peroxide in the cold, and by the olnctiolyqis of concentrated 
sulphuiic acid 

The preparation of persulphates — ^It mil ho romembered that ^^hen 
dilute sulphuric acid is elootrolj/ed, hydrogen and oxygen are ohtained 
in the propoition 2 volumes of hydrogen, and one volume of oxj’gon As 
the concentration of the acid is increased, less and less oxygon is evolved , 
until, mth 50 per cent, sulphuric aoid and a cold solution, inappreciable 
quantities of oxygen mil be disengaged at the anode A now compound 
18 formed — ^persulphuno acid, studying this 

action 18 to electrolyze a saturate solution of potassium sulphate m 
sulphuric acid, specific grai ity about 1 3 


Tlie solution is placed in a tcst-tulio. A, Fi^ lOD, so that the tost tube is about 
three fourths filled The test-tube is fixed in a largo beaker by moans of the 
wire C A glass cylinder D, is fixed in the tost tube bj moans of the mro B A 
coil of platmum wire — tbo entbodo — ^is nllowcil to dip into the solution of 
potassium sulphate os indicated in the diagram and n platinum wire sealed to n 
piece of glass tube so that nliout 11 to 2 cm of tbo wiro projects from tbo tube 
forms the anode This is fixed u ithin the cj lindcr 
riio largo boaker is filled mth water m which pieces 
of ICO aro floating — icwl water ” A current of about 
one or tuo amporcs is sent through tho solution 
Hj drogon appears at thrf cathode , and n white 

1 crystalline mass accumulates at tho anode In about 
4B mmutos tho current maj bo stopped, the white 
crystals of potassium porsulpliato collects on a filter 
I paper , wash mth alcohol , and finally mth other 



The formula K^SoOgis conformable mth the 
change ra the molecular conductivity of solu- 
tions of the salt mth dilution, and mth the 
lowering of the freezmg pomt of solutions of 
the salt H Marshall, who first isolated potos 
Slum persulphate m 1891 , suggested the formula 
K&O4, but later favoured the doubled formula 
Tia 109 — Preparation of given above 

Potassium Persulphate jhe properties of persulphates -Tlio solid 
persulphates are fairly stable Potassium persulphate decomposes on 
heatmg mto potassium pyrosulphate and oxygen 21^3820, = 

+ Oj An_ aqueous Mlution of a persulphate is a powerful oxidizing agent, 
and 18 iis ed for that'purposem analytioal work, e,g itjpreoipitates aUfoim 
manganese peroxide fr om ^ uble manganwe^^Its The p^^phates 
liberate iodine from solut ions oT p ot assium iod ide" oxidize lodiHe 
^jETdio acid, etc A wilutiqn^bFa manganese salt ^ves a~precipitafe~of 
ma^nese peroxide mlh~p6t^ium persulphate , but, m the presence of 
siIvmYutrateris o-^dmed to ^nkpermraganate-^illors/iaK’s reaction The 
mtensity of the coloration is proportional to the amount of manganese 
present, and hen^, the reaction is utilized for the colonmetno detenmnation 
of manganese Unhke hydrogen peroxide, the-pereulpRam'do fiof^Te 
orange yellow colorations mth titanium salts Most of the persulphates 
are soluble Banum persulphate is readily soluble m water Hence 
banum chloride gives no precipitate mth tho persulphates, although it 
does give a precipitate mth a sulphate, but if the x>ersulphate be decomposed 
by warming, a precipitate of banum sulphate is obtamed A dilute solution 
of the aoid persulphuric acid, also called perdisulphunc acid — can be made 
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bv treating the banum persulphate uuih sulphutio acid The persulphatea 
are used in photography for “ reducing ” negatives , and ammonium per- 
sulphate IS used m techmeal orgamc chemistry. 

Caro’s acid — ^If potassium persulphate be digested with 40 pci cent 
sulphuno acid in a freezing mixture so that there is no nso of tcmperatui'o , 
or if concentrated sulphuno acid and hydrogen peroxide (6 per cent ) bo^ 
iiuxod togcSier, a permonosulphunc acid is obtained HjS 04 -I- H„0_,r=ii 
HoO + H 0 SO 5 Tlic solution is sometimes called Caro’s acid, H^SOg — j 
after Its discoverer, N Caro, 1898 An acid, 02 3 per cent purity, has beenj 
made bv the action of pure hydrogen peroxide on sulphur trioxidc 
HjO, + SOj = HjSO, The pure aeid forms a white crystalhiic masS| 
which melts at "about 45°, and it is comparatively stable Like per- 
Bulphurio acid, Caro’s acid has strong oxidizing quahtics Uuhkc 
pcrsulphunc acid, it hbeiatcs iodine from potassium lodido al once 
It also oxidizes sulphur dioxide to the tnoxidc , ferrous salts to ferae 
salts , and precipitates peroxides from salts of silver, copper, manganese,' 
cobalt, and luckel It docs not bleach permanganates, nor oxidize chiomic: 
nor titanium salts, and is therefore distinct from hj'drogcii peroxide 
The relations of the two acids with pyro- or di sulphuric acid, will appear 
from the supposed grapluc formula? 

OH O-SO , OH 0-SO , OH 

’^^SOgOH 0— SO^OH OH ' 

Disulphuno acid Pordisulpbunc acid Caro’s acid 

Persulphurie acid is accoidingly sometimes called ptrdisidphuiio acid 
to diBtmguish it from “ pormonosulplmiic acid ” 01 Caro’s acid 'Another 
bchemo brmgs out the relation of these persulphuiic acids to hydrogen 
peroxide 


0— H 0-SOj— OH 0-«0„— OH 0-SO . ^ 

0— H O— H O-SO"— OH 0— SOj^O 

Hydrogen peroMde Caro’s acid Persulphunc ncid Sulphur lioploMdc 


There has been some discussion whether Caro’s acid is monobasic, < 
HjSOg, or dibasic, HjS„0,, The analysis of the potassium salt is not con- 
clusive, smee KHSOg would have the same ultimate composition as the 
salt KgSgOj HoO l^nzoyl chloride, C 5 H 5 CO 01, reacts with the potas- 
sium salt of Caro’s acid, formmg the benzoyl derivative This reaction 
undoubtedly corresponds with the monobasicity of the acid 


0— SOgOK 
0— H 


-fOgHg C0Cl = Ha-l- 


0— SOgOK 
O-COCgHg 


It 18 very unlikely that this result would occur if the formula of the salt in 
question were Kj^gOg HgO The synthesis of Caro’s acid by the action 
of the calculated quantity of chlorosulphomo acid, SOoCIfOH), on nure 
- hydrogen peroxide m the cold " 


SO, OH 
Cl" 


-f-H202 = HCl-l- 


0-S0,0H 
0-H " 


IS m agreement with the view of the molecular formula just mdi 
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Persulphunc acid — ^I£,^Qan)^8jaoid bo im\od ^ith tlio oaloulatcd 
quantity of ohlorosolpbonio aoid, crystals of porsulpliurio aoid aro iormcd 

0 — SO OH Cl _ TTfji I 0 — SOoOH 
0— H ' + SOjOH O-SOjOH 

The hydrogen ohloridc is remo\cd by keeping the mixture in a desiccator 
under reduced pressure . The white orystalhno mass so obtamed is more 
^ stable than Caro’s acid It melts just above 00° ivith decomposition 
The aqueous solution is first hydrolyzed into Caro’s acid and sulphuno 
acid HjSjOg + HjO = H2SO5 + H^O^ , and then decomposes mto 
oxygen and sulphuric aoid 2H2S_Og + 2H2O = 4H2SO4 + Og In conse- 
quence, the pure acid cannot be prepared by treatmg the pcrsulphatcs 
inth dilute acids, os indicated above, and then concentratmg the 
solution When sodium or potassium jicrsulphate is exposed to the action 
of sulphur tnoxido vapour two molecules of the latter unite with one 
moleo^e of the former pioduomg potassium perpyrosulphate, KSoOg Oq 
SgOgEl 

g— SO .OK « HO .OK 0—0 SOq 0 so .OK 

0— SOqOK ^<SO;OK 0—0 so; 0 SO^iOK 

Persulphate Pyrosulphote Perpyrosulphate 

§ 18 Thiosulphunc Aad and the Thiosulphates 

Preparation — ^If an aqueous solution of sodium sulphite, Na HOj, bo 
exposed to the air, one oxygen atom per molecule of sodium sulphite is 
taken up, and sodium sulphate, Na3&04, is formed 2Na2SOs-t- Ons 
2Na2S04 Similarly, if sodium sulphite be digested with finely dmded 
sulphur for some time, one atom of sulphur per molecule of sodium sulphite 
IS taken up, and a new salt, sodium thiosulphate, NagSqOg, is formed 
NajSOg + S ==^038202 These reactions suggest some onalogy in the 
structure of the tluosulphates and the sulphates , and this is emphasized 
by the term iliio sulphates, t e svlpho s^phates — ^from the Greek etiov 
(theion), sulphur 

Sodium thiosulphate is also formed when a mixture of sodium sulphide 
' and sulplute is treated mth lodme » NaoS -f Na«SOq -I- L. = NajSjOg -H 
i2NaI This reaction is sometimes Bupposed to occur m two steps' 
NoqS + 13 = 2NaI + S , and the hberated sulphui acts upon the sodium 
;sulphite as mdicated above The net result of the reaction is that the 
'^lodme mthdraus one atom of sodium from the molecule of sodium sulphide 
and one from the sodium sulphite, while the lesidues umto to form a moie 
complex molecule condensation product This operation is sometimes 
called Spring’s reaction — after W Sprmg’s syntheses of the thiomo acids 
by this reaction in 1874 

g^Na 

+I.“2N1 + S0,<g^: 

y ®®J<ONa 

* The thiosulphates are also foimed by the action of sodium suliihidc — 
NajS or Na^^S^ — upon sulphur dioxide Some sulphur separates at the 
same time 2Na2S + SSOj = 2Na2S,03 + S The action is supposed to 
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occur in three steps (1) formation of sodium salplute and j^drpgen 
s ulphide- SOo XajS_=.:Kaj5Q3^H^ 

s^ hide'^^ cts jiyith^the sulphur_,dioside, as indicatgd , on _ p 414 , 
liberating fiw^sulphur tSO, + 2H-E = SHjp 41 ^ 5 » (^) liberated 

sulphur IS taken up by the sodium sulplute. as indicated absve By 
boibng sulphur inth milk of bme or inth sodmm hydroxide, a mixture 
of the corresponding thiosulphate and sulphide is formed, t,g 
3 Ca{OH)o -r 12S = CaSaOj -f- 2CaS3 -f SELO The calcium sulphide 
15 converted mto the tluosulphate on oxii&tion by exposure to the air 
2CaS5 SOj = 6S -r 2038203. When the “ tank iraste ” of Leblanc s 
process (g v ) is exposed to the air, the calcium sulphide, CaS, is m part 
transformed into calcmm thiosulphate, CaSjOj, the latter, when treated 
with sodium carbonate forms insoluble calcium carbonate, and soluble 


sodium thiosulphate 038003 -f Xa.OOj = Xa^SoO, -f CaCOj 

Thiosulphunc aad. — Thiosulphunc acid has not been isolated. By 
actmg on a thiosulphate with a mmeral acid, thiosulphunc acid appears 
to be formed, but it begins to decompose at once mto sulphur dioxide and 
free sulphur XaB,03 -r 2 HC 1 = 2 XaCl + BUO + SOo 8 The sulphur 
only appears after the elapse of a certain time — seconds or minutes, accord- 
ing to the concentration of the solution It has been stated that the 
decomposition of the thiosulphate docs not occur at once If, however, 
the acidified solution be neutrahzed before the turbidity appears, the 
neutrabzation does not stop the separation of the sulphur Some tbo- 
sulphnnc acid must therefore have decomposed. Probably the very 
finely divided sulphur is not visible until the fine particles have clotted 
into larger granules. The evolution of sulphur dioxide with the separation 
of sulphur on the addition of a dilute mineral acid, distmguishes thio 
sulphates from sulphites m qualitative analysis. 

Properties and uses of thiosulphates"— Sodmm thiosulphate is the 
most important salt of thiosulphunc acid, and it is called, by photosranhers 
Kodum h^osulphite, or simply “hypo ” Tli s salt is readily liable m 
water, and the aqurous solution readily dissolves sdver chloride, bromide 

thiosulphate is formed 2 AgCl -i-’ 

r ~ -^62^*11(8203)2 Hence its use m the “fixin" bath 
of the photographer 

bodium thiosulphate is readily oxidized by potassium permanganate 

f ^ "sed in preference to sulphurous acid (a t ) 

« n remove the last trace of chlonne f rom^ 

the bleached goods The action deoends unon tbn - i . m .... 




strength be added from a burotte to a roldhrn^ 
until the colour of the lodme has just dlsippeared”thrr^ 
sulphate required for the work of ® amount of tluo- 

necessary for calculating the amount of mil furnishes the datum 

6od.im thiosnlnhau J S'™ «»>'*'>" 

I H. in Inijo transparent monndjinc pnnK 
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with five inoleoules of Tvater of crystallization Na_So03 5H20, the 
phenomenon of undercooling exhibited by tins salt, has been previously 
discussed 

Constitufaon of thiosulphates —It is not very clear vrhether 
thiosulphuric acid, and acoondmgly also the thiosulphates, should bo 
represented by graphic formula based on 




Some prefer the latter, others the former , and some consider that both 
vanetres exist The former is then called symmetnoal, and the latter 
asymmetrical thiosulphuric acid. The available evidence, however, favours 
the a^mmetncal ES SOq OH. 


§19 Polythiomc Acids 


There is a remarkable senes of five acids — called collectively the 
polythiomc acids — closely related to sulphurous acid and to thiosulphunc 
acid Tlie polythionic acids include di-, tn-, tetra , penta-, and hexa- 
thionic acids To show C W Blomstrand’s (1860) and D L Mendel^eff’s 
(1870) views of the inter relations of the polythiomc acids it is con- 
venient to consider the gioup SO^OH — 1 c as a monad 

radicle " The constitution of the thionic acids is then represented by the 
follouang graphic formulae — with hydrogen H — ^H os the startmg point 


fiOpH SOjOH e^OjOH 

H SOj^OH '’^SOjOH 

Sulphurous Ditmomo Tnthioiuc 

acid acid acid 



Tetratluomo Pentathionic 

acid acid 


Wo previously encountered this curious faculty of sulphur, whereby 
“ chains of atoms ” can bo hnked together, in our study of the hjdrogen 
sulphides From this point of view pentethionic acid is related to hydrogen 
trisulphide tetrathiouic acid to hydrogen jiersulpludc , and trithiomc 
acid and thiosulphuric acid are related to hydrogen monosulphide as 
follows 


S<g 

Hydrogen monosulphide 


^'^SOoOH 
Thiosulphunc acid 


Q ^S020H 

‘-’^SO^OH 

Tnthiomo acid 


It IS interestmg to compare the latter with pyrosulphuric acid, per- 
siilphunc acid, and Caro s acid previously discussed, since in these 
compounds, oxygen takes the place of sulphur There are other modes of 
interpreting the known properties of these acids, but Blomstrand’s views, 
]Ust indicated agree best with more recent observations 

Dithionic acid, HjSjO — The sodium salt is made together witli some 
sulphuric acid, by Sprmg’s reaction with iodine on sodium sulphite 


1 1.. 


^ONa 

-<Na" SOa-ONa 

+I 2 =2NaI-H 

SO„<Q - , SOo— ONa 


Dithionic acid has been called “hjrposulphunc acid,” and the salts, “hjrpo 
sulphates” "Tho ni'tnganeap sftlt, MnS,Oj, is made by passing sulphur 
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-dio'ade^tlirough '^ater^with manganeaejdioxtde.m^M^ensiqi^ J|iiOjj_^ja 
2 SOj = MnSoOc At the same time there is a side reaction between the 
manganese dithionate and the manganese dioxide MnO, + MnSjOg = 
2hInS04 This reduces the yield The manganese salt is converted into 
banum dithionate, BaSjO^jbynuxing it with banum hydroxide, Ba(OH)j, 
and the resulting salt can be purified by crystallization BaSgOg 2H2O 
IS formed This gives soluble dithiomo acid and insoluble barium sulphate ' 
when treated wi^ dilute sulphuric acid The aqueous solution of the 
acid can be concentrated by evaporation until its specific gravity is about 
1 35 , any further concentration decomposes the acid ELSgOg =: SOj + 
H2SO4 If the sodium dithionate bo reduced in aqueous" solution by 
means of sodium amalgam, sodium sulphite is reformed NaoSjO, + 
2 Na «= 2Na3S03 

Tnthionic acid, HgSgOg — ^The sodium salt of this acid is formed by 
passmg sulphur dioxide through a concentrated solution of potassium 
thiosulphate SSOg + 2K3S2O3 = S + ZKjSaOg There is some doubt if 
Sprmg’s reaction, the action of lodmo upon a mixed solution of sodium 
sulphite and thiosulphate, proceeds 


S02< 


■ONa 

Na 


SOj—ONa 


S02<®'5® 

*^ONa 


+ I, = 2 NaI 4 . 


I 

f 


SOj— ONa 

as might be expected , because a mixture of the sulphate and tetrathionate 
18 obtamed Sodium trithionato is also formed by the action of sulphiu 
clilonde, SCIg, upon sodium sulphite , and by warming an aqueous solution 
of potassium acid sulphite with flowers of sulphur 6 KHSO, + 2 S = 
2E^S30g KgSgOs + SHgO By boiling silver thiosulphate with water, 
a molecule of Agj^ sphts from two molecules of the thiosulphate and 
Sliver tnthionate remains The acid itself is formed from the potassium 
salt by the addition of hydrofluosiUcic acid- Potassium fluosilicate is 
precipitated, and the tnthiomc acid remains m solution The acid and 
Its salts are r^y decomposed mto sulphur, and sulphunc acid or a 
fc reducing action of sodium amalgam, sodium trithionato 

IS cmverted back into sodium sulphite and sodium thiosulphate 

Tetrathionic acid, ^S^Og —The sodium salt is formed by Sprine’s 
reaction with lodme and sodium thiosulphate ^ 1 r ng s 

NaO — SOq — SNa , , _ WnO SO n 

NaO-SOg-SNa + ^ ^ ^Nal + 

:ae banum salt is prepared in a similar manner, and from tins the acd 

sulphuric acid The reaction 

sodium thiosulphate is much utilized m volum^^°” between iodine and 
tative detcrmmation of lodme volumetric analysis for the quanti- 

Pentathionic aad, HgSgOg-Wheu hydrogen sulphide is passed into 
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Oi solution of sodium lotratiiionnto, tlic (>alt dccomjMsos and nascont 
eulpluu IS proliaiily formed Na/i^Og + BHo® ~ 2NaOH + 41120 + O'!! 
TJio nascent sulphur then unites with the undccomposed fetratiuonati, 
forming sodium iionfathionato 4 8 = Na S^Of Tlio same 

salt IS formed, more or less contaminatcrl vith tnthinnalo, uhon a solution 
of tho totratluonalo decomposes 2 Na_& 40 g = Na,_S^Oj + Na 2 S, 0 „ , and 
it IS also formed by the notion of stilpliur monorlilonde, R.CIj, on baniim 
thiosulphate 

2S0 + 8,01, = S + Baa + S<| 

\Micn hjdiogcn sulphide is passed into a concentratcil solution of 
sulphurous acid at O’, a solution containing a number of tho poly* 
tlnonio acid is formed It is called Wackenrodcr’s solution It is 
probable that tho first notion of tho Indrogon sulphide results in tho 
fonnation of totrathionio acid HoS -|- dSO, = BoSjOj , and that this 
decomposes into tho tri and pontathionic acid's as indicated above * Tiio 
passagoof the hydrogen sulphide can bocontmiicd until the solution contains 
little nioi^^«Yaulphnr and pontathionio acid Tlio solution containing 
^^0 r concentrated bj evaporation until it “necific 

gravii j^oout 1 40, and Ihon saturatwl until potassium In '’"O' 
solution 13 filtered to remove tho sulphur and nlloucd to oi "monad 
tanooush Tlio oiastals uhieh separate have the empirical ». > 
JL.yjOglHnO Tho final products of tho notion are sulphur jiil bj tho 
+ CHjR = OHjO + lOS , or f>0, + 2H.& ^ -'tWg point 

pentatlnonates give a'brou-n prceip -^S— SOjOH 

solutions Tlio precipitate soon boco' jg: oo OVT' 

tho pentatlnonates give an immodiajJYi^oipiliilo of siilphiir 

Potassium hexathiDnate,'lC^ V corresponding with tho unlvnoun 
hexathionic acid, HjRflOj, is said to ha\o been prepared in an impure 
condition from tho mothor liquid romaining after tho separation of potas 
Slum pontathionate Tho aqueous solution is \oia unstable It reacts 
liko tho pentatlnonates uath potassium hi drovido mid ammoniacal sih er 
nitiato, but it gives an tmmahale procipiUitc of sulphur uath ammonia, the 
pontathionates gi\o a precipitate mth ammonia on standing a short tinio 

General properbes — ^Aqueous solutions of all tho acids dcoomiio‘!o 
when tho attempt is made concent rate thorn HB/iOa = H„SO. + 
SOj + (n— 2)S , tho solid salts dccoinposo m a similar manner uaicn 
hoatod In dithionio acid, n = 2, and this corresponds uath the fact that 
aqueous solutions of this acid jiold no sulphur on decomposition, the other 
polytluonio aoids decompose with the separation of sulphur Totrathionio 
acid scorns to bo tho most stable acid of tho scries. Tlio barium salts aro 
all solublo m water Tho aqueous solutions of the alkabiio polythionatos 
decompose slouly Mercurous nitrate gives no^prcoipitato intli, dithionio 
acid, a black precipitate uath tritluomo acid and yollou precipitates with 
tfitrsL jvnd pontathionio acids Potassium ily^drovido gii es a prccipitato 
of sulphui^ until pentathiomc noid, and, np.procinitat o with the o ther ooids , 
dilute hydroohlono acid gn es a precipitate of sulphur and evolution of 

1 According to H Dobua IVnokonrodor’s solution contains n solublo form of S 
uhioli sepamtos as an amorpbous gelatinous mass wliicli is said to bo a Indraloit 
form of sulphur, S, nH.O 
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BulphuiLdioxide witli tntluonic acid, and vitb the other acids no change 

Dithiomc acid -was discovered by J J ''belter and J L 
Gav-LusSc m 1819 , tnthiomo acid, by C Langlois in 1842 , tet^ 
^onTc acid, by M. J Fordos and A Gehs, 1843 , and pentatlnoinc acid 
by H W F Wackenroder in 1845 The latter was specially studied^ by 
H Debus m 1888 Thiosulphates were made by F Chaussier m l/Ju, 
and afterwards carefully studied by L N Vauquehn m 1800 

§ 20 Review of the Oxides and Oxyacids of Sulphur 

We may now tabulate the hst of the oxides and oxj acids of sulphur 
discussed in what precede 


Oxides 
[Sulphur monoxide 
Sulphur sesquioxide 
Sulphur dioxide 
Sulphur tnoxide 

Sulphur heptoxide 


SO] 

S^Oa 

SO- 

SOj 

S-07 


tl 

'J— 




Acn>s 

fSulphoxyhc acid H;SO»] 

Hj posulphurous acid H;S»Ox 

Sulphurous acid H-SOj 

Sulphuric acid H;S04 

Pyrosulphunc acid H-S-Oj 

Pereulphimc acid HsS-Og 

Caro’s acid '' *^ 0 . 

Thiosulphunc acid '3 

Ditluomc acid : 0 « 

Tnthiomc acid A.-OjOg 

Tetrathiomc aud H-SiOj 

Pentatluomc acid H-S^Os 

[Hexatbionic acid] H-SaO^ 




known in the form of an organic 
7 rgamc chemistry Sulphur mon- 
)nes, Ri'SOa, and the sulphinic 
> are related to the un^oim 


Sulpho^hi xipon sodium sulpfu’ 
denvativo disci, ^ g 
oxide, SO, IS uui’novTi ihe suif ' 
aads, R' SO OH, of oi^ganic chenus 
sulphoxyhc acid, HjSOj 

§ 21 Nascent Action 

We have just alluded to the action of “ nascent ” sulphur, and some 
other examples of nascent action have been previously encountered, 
pp 103, 239 Ordmaiy free hydrogen, oxj^gen, chlonno, etc , are nnable 
to affect many substances which are readil^^ attacked by mixtures knoum 
to yield hydrogen, oxygen, chlonne, etc ^in element at the moment of 
its separation appears to he more chemically active than after it has been 
made a few moments Amongst the vanous hypotheses which, have been 
suggested, three are plausible explanations of the phenomenon 
' I Atomic hypothesis — Here it is assumed that nascent hydrogen 
IS m the atomic condition and does its wodc before the fttoms have had 
tune to form Ordinary molecules There is, however, no direct evidence 
that, say, atomic hydrogen ever has a separate existence dunne the 
reaction (p 292) ° 

2 Ionic hypothesis —It will be remembered that the action of hydro- 
chloric acid upon zme, according to the lome hypothesis, involves httlo 
more than the transfer of two positive charges from the hydrogen ion to 
the ^0 atom Zn + 2H + 2C1' = Zn -{- 2Cr + EL,, and nascint hydro 
gen thus reprints the condition of the clomont at" the instant whra its. 
10 ns give up their eleotno charges 
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lascont 

3 Energy hypothesis — During the reaction botuoon, +0S, 
hjtlroohlonc acid, energy is running domi in the lonn o! onato 
2HC1 + Aq 2ZnCLj + Hj + Aq 112 8 Cals The grv.( Bnnio 
of nascent hydrogen is osonbed to the energy of the r\ition 
aAnilablo for iraugurating another reaction rather than b and 
away as heat 2^) 

« 

§ 22 Selenium and Tellurium 


found ttsbocltttcck^th sulphur and tho sulphides, c,j/ ‘ It jf, 
holomum IS fouiia‘T\thc “ ftuo dust ” of the " pyxi -i t}io 
the manufacture of ^phtiriCTiciid* bnmir*quanlilies c ^tln<t 
found associated mlh gold, siKi-r and bisimilh ores. Jl’lio 
recognized by tho oarlj' minoralogiHls, and Jlullcr \on Roi\]s 
1782, considered it to be a non clement, which ]M II Klajir^ 

11 icd tellunuin — from tho Latin tho earth bolenu^ 

wovered by J J Berzelius, in 1817, and named selenium, froii 
ncXijt'S (solenC), tho moon, owing to its TO‘>omblancc to tcllunun^ 
a few years before « 

Tellurium is a silver groj solid with a mctillic lustre, seliB 
Reddish brown iwwdor Like sulphur, both olomcnts c\mt S 
«llotropic forms, but the allolropism of lollunum is less market 
^Icnium Both elements conduct elect noitj, although one 1 
selenium IS almost a non conductor Both cloniciits form I 
Compounds — Hnbo and H.jTo — corrcsjioiiding witli hidrogciit 
These compounds are all iiroiwrcd m a similar manner, and tbi 
tnoly precipitate sclciiides and tollundcs from solutions of snl'j 
metals Hj drogen tclhindo is unstable c\ cn bcloiv 0® , by drogci % 
js rather more stable, but it decomposes m tho light 

The two elements are monatomic at 2000® Both elements hi 
«ir with a blue flame, forming dioxides— bcO, and TcOj— analogoii!, 
Jmlpliur dioxide The dioxides dissolve in water forming solutions m 
ions with sulphurous acid, and these, on o\idntion, give sclcnw 
Xolimo aoids, which, in turn, form selcnates and Icllumtcs ana 
^iith tho sulphates Solenio ncid is weaker than sulphune acid ’ 
tclluno acid is weaker than scicnio acid Tho two elements also Jc 
chlondcs and broimdes analogous with the corrcsponduig sulphur chlorid 
«nd bromides * o i 

Selomum is used to a small extent in tho production of ccriaiii im 
and red colours for glass and enamels , and also for “ hlcachiiiR, ’ that 
neutrahzmg, the green tinge of glass Perhaps tho most interest 
property of selenium is the decream which occurs in its clcclrjcnl wi 
auotivity or the moroasc in its electrical rcsislnnco on exposure to JiirJif- 

'y S-"* (18?) Tl>» «b»s« B to H 

Intensity of tho light, red and orange light arc tho most active '11 
phenomenon is Uluslralcd by tho curve, Pig 169a, whore the clcctm 
resistance of bclomum w plotted on passing from light to darkness n 
back to bghfc agam Tho ohaugo after cx])osuro is not lustiiulanco 
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- - j tryi Rfw tlio sdonium 't&lJGS & litfUo tunc to recover its normul 
v^’^'‘^°^fSiemens ( 1876 ) supposed that the phenomenon depended upon 
-of selemum from a feeble oonductmg vanety a selemum, to a 
r T ®Z,~^ctmg vanety ) 5 selemum, both forms assume a condition of 
m light and in darkness, but m light the eqitf-l^num is displaced 
tmomo^cijof oonductmg vanety, and this the- ’ore the greater 

H Debus m^y of til® * 


5 »/a’i 

34 x 10 

5 

S , 


H Debus 

and afterwar Selenium 
^-Darkness 

§ 20 i -.^ange jg ao- 

We may no'^® presence 

discussed mwl mum, ete, 

3 catalytic 

[Sulphur mou 4 

Sulphur 8690 T have been 
Sulphur dious ounous phe- 
Sulphurtnigjy telephoto- 

Sulphur he 'oless telephony, 

/,automaticcon- 
J supply of gas m illummated buoys, etc 
/ 


mm 

■H 

vm 

HB 

rmmmmt 

jSISIb 


B 

SIBR 


169a — THio £l(Ioct of Light and Darkiu^is ou 
the Electrical Resistance of Solomun 


§ 23 The Oxygen Family of Elements 

Su^ho sulphur, selemum, and tellurium iorm an interesting group 
derwacivo jjg q>jjg relationship is not so clearly defined as with the halogens 
-o' ‘iparo oxygen with tellunum, it would tequne some imagmation 
Rnl^'o-Jv^’ relationship significant, but on companng any one element 
suipnoxy neighbour m the senes O, S, Se, To, the relationship becomes 
japhatio.^ They are all bivalent The physical properties are 
mpared m the form of a table which brmgs out the gradation in 
|jperfcies veiy clearly For instance, the specific gravities, meltmg 
[jj,nt8, boilmg pomts, etc , mcrease with mcreasmg atomic weight Oxygen 
st one end of the senes, tellunum at the other ^ 


I Table XXtX —Properties of the Ox\oen Sulphur Familt 



Oxygen 

Sulphur 

Selenium 

Tellunum 

mic weight 
ting point 
ling pomt 
ciflo gravity (solid) 
nic volume (approx ) 
_,ur of solid 

Tt of union With hy- 

16 

-227® 

-183® 

1 43 

U 

Pale blue 

32 07 
H4°-116® 
448® 

1 06-2 06 
16 

Yellow 

i' 

79 2 

170“-217° 

688' 

4 28-4 80 

18 

Reddish brown 

■ 

i 127 6 
462'-464® 
1300' 

6 03-6 4 
21 

Black 

rogen (cals ) 

f 

60 0 

48 

-26 1 

-34 0 


Selemum. and tdlonum partmalarly, to very elose to that U 1 deSnod 


Q 
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border line bet'p’een the metals and non metals All four elements e\hibit 
alloiroj^tism Oxygen ooours most abundantly, sulphur nest, and tellu 
num least They all produce hydrogen compounds of the same type, 
but "while the hydrogen compounds of sulphur, selemum, and tellurium 
are fcetid smellmg gases at ordmary temperatures, hydrogen oxide, 

IS a oolourlcss, odourless hquid The acidic obarocter of the hydndes 
mcreases "with moreasmg atomio weight Tabulating the properties of 
the hydndes analogous "with iroter, we get 


Tabue XXX — PaorEBTiBS or the HynaiDES or the Sulphuh Oxir oes Paiuli 


Symbol 

Molecular 

•weight 

Boilmg 

pomt 

Melting 

pomt. 

Speotflo 

gravitj 

Dissociation 

temperature 

Boaction 

(litmus) 

HjO 

18 02 

100" 


1 


Neutral 

HjS 

34 00 

-01 8" 


1 17 


Acid 

H^Se 

81 22 

-42" 


2 81 

150“ 

Acid 

H,To 

129 02 

0" j 

-48“ 

2 67 

0" 

Acid 


The first two also form H^Oj and HjSj respectively Sulphur, sole 
mum, and tellunum mute mth oxygen to form tnoxides, but they do not 
form Bimila r compounds with one another The dioxides, however, form 
an mtorestmg set if ue reganl ozone as an oxygen dioxide, thus 

0<" S<0 So<g T«<“ 

Oxygen dioxido Sulphur dioxide Selemum dioxide Tellunum dioxide 

Of course, the graphio formulss could here have been given with oxygen, 
sulphur, etc , quadrivalent The analogy between ozomo acid (H0)„0 0 
and sulphurous acid (HOljS 0 might also be cited 

Tellunum dioxide is an “mtermediate oxide,” because it acts both 
as an acid and as a base (p 144:) — ^thus, tellunum sulphate, Te(S 04)2 is 
known, and yet tellurous aoid, i^TeOg, like sulphurous aoid, forms salts 
called telluntes, e.g K^TeOg, KHTeOg, etc The remarkable number 
of compounds of the metals with oxygen and sulphur, and the similanty 
m the oonstitution of the compound of sulphur and of oxygen, has 
already been emphasized Tellunum and selemum have not been so 
closely studied as sulphur and oxygen, but they undoubtedly show a 
similar beha-viour m a less marked degree All three form tnoxides SOg, 
SeOg, and TeOg All four elements form babdes, although there ore some 
gaps 



Sadg, 

Se^Brg, 

— 

oa^, 

SQa, 


TeCla, 


sca^, 


TeCa^, 



SeFg, 

TeFjj, eto 


All four elements form compounds of the type of suliihides 

OAgj, SAgj, SeAgj, TeAgj, 
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Questions 


1 Give a bnef account of the manufacture of strong sulphuno acid What 
are the tliree most common impurities m the concontratM acid ? How may they 
be detected and removed 7 — London Untv 

2 Sulphuric acid is said to be dibasic, and to contain in its molecule two 
hydrotvl groups , on what evidence are these statements made 7 What is the 
origin of tiie name “ oil of vitnol ” bj which this acid is known m commerce 7 
— London Vntv 

Discuss the acids formed by the solution of SO- and SOj in water Wlint is a 
sulphomc acid ’ — Owena CoU 

3 Eicplam exactly the nieamng of the formula SO; Desenbe how the com- 
position of this gas may bo determmed — Aberdeen Vntv 

4 B-rolam the meaning of the underhned words — “ The anhydroua, neutral 
salt, insoluble in aqueous solvents, was decomposed by an equnalent quantity of 
dibasic acid, produemg some gaseous anhydride and a saturated solution of an 
inorganic salt without ivater of crustalhsation but lery deliquescent ” — Dartmouth 
Coll , US A 

5 Give some examples of chemical changes winch take place slowly Hai o 
anj observations been made between the rate and the condition of such change ’ — 
A^ew Zealand Umv 

6 Desenbe the means you would adopt m order to prepare from sodium 
sulphite (a) sodium hyposulphite and (i) sodium thiosulphate Discuss the 
existmg evidence concemmg the constitution of each of these three compounds — 
Science and Art Dept 

7 Calculate the lolume of a solution of sulphuno acid, density 1 8 and 
contauung 89 per cent of pure acid, that would be reqmrcd to make 200 grams 
of hydrochlono acid bj nctmg on sodium chlondo Atomic weights — j£ = 1, 
S = 32, O = 16. Na = 23 Cl = 35 6) —Sheffield Seientific School, USA 

8 Why does sulphunc acid become hot when n limited amount of cold water 
is add^ to it * ^ ^hat proportion is water added to produce the greatest heat 7 
— Amherst CoU , U S A 


9 With sulphunc acid as the example, explam the meanmg you attach to 

IS the bohaiuoiir towards litmus 
of AaHCO^, Aa.COj, Nn^SO^, and lio^r do you account for it ? — Sheffield 

UTllV ^ 


10 —(a) M^y IS so^um sulphate not utihzed os a source of sulphunc acid, ns 
sodium cfalonde is for hydrochlonc acid 7 

rroTCSS^”"”*^^ briefly the manufacture of sulphuric acid by the "Contact 

specie grai-itv of concentrated commercial sulphuno acid 7 
How much sulphunc acid does it contam 7 What is the present pnee per pound 
in carboy lots 7— Worcester Polytechnic lnat,US A t •=> »>' pnee per pouna 

» n}^ Explam the reaction mvohed m the production of sulphunc acid in the 
‘Chamber mocess » and the means adopteef to prevent the «™pe of mtro^ 
gases mto tbo ^mosphere Gne two illustrations of the use of sulphuno acid 
as (o) a dehydratmg apnt, (6) an oxidizmg agent —Sheffield Vntv ^ 

12 In chemical hteralure at the present day reference is freoumtltr 

"^ndensmgagents” and substances ^respoken^f ^^CemoiS c^^^^^^ 

B^Iam these phrases, givmg examples m illustration of yom 


.pit . 

stating any conditions which mav be neOTssnrv »Uu3trnting there actions, 

"S*** WW?Y ogTnt -Und^n Vnh^ ^ reactions 

(6) cuprous oxide^r^th mtoracid^a^ bla^l'^ide^of^irin 
hydrochlonc acid-{c) red oxide of irU. (h) black mi^grnl? 

21 64 per cent Md^ow^n M^'s^^^cont What^ t\ ^*i ’ sulphur 

tho compound 7 — Glasgow Vnn ™ 'Vhat is the formula and name of 

nascent oxygen am suppwed to take part Ed^ hydrogen (6) 



CHAPTER XXIV 


Chhomium, Molybpenum, Tungsten, and Uranium 

§ I Potassium and Sodium Dichromates 

Chromite — ^This mineral is also called ohromo ironstone, or chrome iron 
ore It is a native ferrous chromite, FeCV_Oj, or Fo(CrO_)j, contaminated 
Avith silica, alumina, magnesia, etc It resembles magnetite in general 
appearance, for it has an iron black colour, with a brounish tinge Good 
marketable ohroinite contains the oquisnlent of at least 60 per cunt 
CrjOj and not more than about 10 per cent of silica. Jlost of the 
chromium compounds of commerce are derived from this ore 

Manufacture of sodium chromate — ^'flie finely ground chromite is 
intimately mixed with Jimo and sod ium carb onate , mid nisstcd in an 
oxidizing atmosphere The it nHton vvfiich ocoursTT probablj 4FcGroO| 
+ SNOjCOj -};70_ =_8NnjCrp^j£^^_03 d:;,21*OjOi Po^siblj Hit ferrous 
chromite produces sodium chroinito, NaprO_, thus Fo(CrO_)__ + Na CO^ 
= 2NaCr02 + FcO + COj The ferrous oxide and the hixlnini thromite 
arc then oxidized bj the mr The object of the lime is to prev ent fusion, 
and k eep the niaw porous to fimilitaTd' b^ atron Tlio roosted mass is 
then mixed with tvvice its vvoightToAvatcr, and on excess of soda ash is 
added to convert the calcium ohiomato formed during the rencllonlnto 
sodium chromate The mixture is agitated for a couple of hours, and the 
solution of sodium chromate is separated from the msolublc iiiattcra bv 
filter presses 

Transformation of sodium chromate to the dichromate — ^Tlio clear 
solution IS then treated with sulphuric acid to neutralize the oxccas of 
alkali, and to convert the sodium chromate Nn_,CrO^, into sodium 
dichromate, Na.CrjO^, thus H^SO, + 2Na, CrOj.= H,0 + NapO^ H- 
Na,CrjP, The clear solution is decanted from the precipitated sodium 
sulphate, and the solution is separated from the crjstals bj centrifugal 
soparatora Tlio solution is coiicontratcd in iron pans, and when it has 
attained the specific gravity 1 7, it is filtered from the sodium sulphate 
which has separated dunng the evaporation Crystals of sodium di 
chromate separate on standing The yield is about 90 jior cent of the 
theoretical 

Conversion of sodium dichromate into the potassium salt— -Tho 
sodium dichromate is converted into the potassium salt by mixing con- 
oentrated solutions of sodium dichromate with potassium chloride 
NajOrPj^h^CI^JKgCraO, ::KSNaGl The potassium dichromate is at 
once precipitated The chromium is recovered from the mother hquid 
This apparently roundabout method of making sodium dichromate lu 
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order td get the potassium salt is really cheaper than if potassium car- 
bonate had been used m place of sodium caibonate, mamly because of 
the difference in cost between potassium carbonate, and between sodium 
carbonate and potassium ohlonde 

Properties of sodium and potassium dichromates — ^Potassium 
diohromate forms ^bright ^xed triohmc oiystals of the anhydrous salt, 
KjCijO^, which melt at 400° The salt is easdy purified by recrystalhza- 
tion because it is very much more soluble m hot than in cold water 100 
grams of water dissolve 6 grams of the salt at 0°, 55 5 grams at 50°, and 129 
grams at 100° The aqueous solution has an acid reaction Tlie fact 
that potassium dicliromate is so easily purified makes it a good starting 
point for the manufacture of oliromium compounds generally Rodium 
dichromate crystals have the composition Na^CrjOy 2 H^O This salt is 
cheaper and more soluble in water than the potassium salt at oidinary 
temperatures At 0°, 100 grams of the solution contain 62 giams of 
NOoCrgO^ , and at 80°, 80 grams of the salt. 


§ 2 Chromic Acid and the Polychromates 

Chromium tnoxide, CrOa — ^When a concentrated aqueous solution 
of potassium dichromate is treated with concentrated su^hurio^aoid. long 
scarlet needle lilte"crystals separate when the solulioh is'^cooled"" Tlie 
crystals can be filtered through glass wool and drained on a porous eailhon- 
wai-e tile , then washed wth concentrateif nitric acid to remove tlio 
sulphunc acid, and sulphates , and dried in a ouiront of dry warm air 
The resulting crystals of chromium tnoxide, CrO„ aic very deliquescent, 
and dissolve inivatei, forming a red solution which is probably dichromic 
aad, HjCrp^, formed by the reaction 2 Cr 03 + = H.,Ci ,0. Tlio 

acid H^CrO^ has not been isolated Chromic tiioxndo, CrO ,, is thus called 
^roimc anhydride, and the aqueous solution chromic acid, although tlio 
triovide crystaUizes out agam when the aqueous solution is ovapomted 
decomposes when heated fo about 250° mto chromic 


_ _ ■> O', 3 — V , -r u vg i-'nronimmrnovidoisa 

vigorous oadming agent owing to the readmess with which it s^rarto 

oxidq,_Cr^O^ Thus, alcohol dropped obtol 
^^xidejakes , ammomajs,deoomposed,_ 4 )aper is charred at once I 
carbonaceous matter IS oxidized to carbon dioxide etc ' 

Potassium ^romate, £ 2^104 — H potassium hydroxide be added to 
an aqueous solution ^ potassium dichromate in the proportions indicated 
by the equation KoCr„0, 4- 2KOH = ELO 4 - 9 Tr rnn ,11 
of potassium chromate is obtamed whicSunih^bnght vellow'rb 
gr^ls When eoncenhated. ^ yeUow 

iflomorphious with potctssium suluhato TTan^/v 4 . * 

chromate may be regarded as a ^ItfoS 

of po^h, 4o, will onericrrrcto^fSd^T^^^^ 

K^O CrOg or KjCrO^ The isomorphism with notassiuni nnlT,i, t 
a similar structural formula wth an atom of 

place of sexivalent sulphur If normal c^omium in 

dichromates are formed ^KjOrO^ 4-^4^ = 

Potassium diohromate is a salt fomed by thViS? J + HjO 

the anhydnde. CrOg, with one molecule oHhe bJS K^O gc 
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I Polychromates — ^Tho radiolo CiOJ is bivalent in the cliromatcs, and 
tbo radicle Or^O' is bivalent in the dichroniates By treating x>otassium 
dicbromate vith chromic ovido, or Kith boiling moderator concentrated 
nitrio acid, potassium tnehromate is formed KoCrjOig, or KoO OCrOj, 
and by treating the tnehromate mth concentrated nitric acid, potassium 
tetradiromate, K 3 O 4 Cr 03 , or KjCrjOj^, is formed Just ns in the 
formation of disiilphuno or pyrosulphnno acid (qv) and its salts 
cby the condensation of tvo molecules of HL SO^, so licro, dichroniic acid 
fis considered to bo a condensation product of two molecules of ohromio 
.acid, HoCrO^ , and the ebohromates — eg KoCr^Oj, are analogous vitli the 
^pyrosulphates, eg K^SoO} The oonstitutionaf formulto of the phroniatcs 
and diohromatcs are supposed to bo analogous uith the constitutional 
ijfonnulro of the sulphates and pyro oi disulphntos rospoctii cly 


O=Cr<0 


Cliroiruo 


Pot-osaium 


k8>c,o. 

Potassium 


'>CrO„ 

'>CrO‘ 

'Xh-O": 


Potassium 


X>CrO, 

n>CrO, 

j^O>CrO, 

Potassium 


trioxido, chromate, diohromnto trlcliromato, totrachromato, 

OrOj K O CrO, K.O 2CrOj K O SCrOj KjO 4CrO, 

xho addition of an excess of alkah to the polj chromates rcoonvorts them 
into normal chromates Tha phenomenon of condensation also occurs vnth 
nmny oxyapids^bonc, lodfoi and phosphoric acids — and particularly vitli 
molybdio and tungstic acids , it is alight wth uranic acid, and unhiioini 
with nit ric aoid 


Chromates and dichromates — ^Wien ammomum dichromatc, 
(NH 4 ) 2 Cr 20 j, IS heated, free nitrogen, water, and ohromio oxide arc 
obtained (NH.)jCij 07 — ► Cr.Og + ^20 Nj Lead chromate, PbCrO^ 
IS a bright sulphur yellow salt precipitated bj adding potassium chromate 
to the solution of a lead salt It is used as a pigment under the name 
“chrome yellow ” By boilmg load cliromato with aqueous ammonia 
or potassium hydroxide, a basic lea^chromale, PbCOHljTbDrOi.^alled 
“ ohromo red,” or “ AuHrian cinnabar,” is lormefl'^ ‘TKis’^alM is iisod as 


a pigment Banum chromate, BaCrO^, is fonned in a similar maniioi. 
Sand IS used as a pigment The precipitation of barium chromate from a 
iisolution of a barium salt by adding a soluble chromate , or oonvorscl 3 , 
the precipitation of chromium as barium chromate by adding a soluble 
marium salt, enables the amount of barium or of chromium 111 a solution 
TO be determined At 18° a litre of -water only dissolves 0 0038 gram of 
marium chromate , 1 2 gram of strontium chromate , and 23 2 grams of 
daloium chromate Calcium chromate, OaCrO^ 2 H 2 O, is isomorphous w ith 
ealoium sulphate, CaSO, 211,0 Silver chromate and mercurous chromate 
are both r^ salts The chromates are often made by the addition of 
soluble dichromates to a solution of the salt in question The lomo hj po- 
I thesis desonbes the reaction thus The dichromate 10 ns, Cr^O^, m tlio 

[ solution are partly broken down into ChOj’ 10 ns. For oquihbrium 
GrjOJ + H^O ^ 2CrOJ + 2H If any Pb 10 ns are present, the CrOJ 
ions arc removed because PbCrO^ separates from the solution The 
supply of drO' 10 ns is kept up by the continued dissociation of tlie Or DJ 
ions until all the dichromate has been converted mto chromate 
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Potassiiun dichromate as an oxidizing agent — Potassnim dicliromatcj 
IS u^^'ifl^olumefric' iinaK as in*Tirtuo oFits oxiSizing properties when inj 
contact with a reducmg agent, eg. ferrous sulphate, EeSO^ Smcoj 
potassium dichromato has a formula equivalent to KUO 2 ( 5 ^,;, and; 
ferrous sulphate a formula equivalent to FeO SO3, the 2Cr03 of the formerf 
on reduction furnish 2Cr03 = CrjOg 30 , and the ferrous oxide 
FcO, of the latter is converted mto Fe^Og, it follows that one molecule” 
of potassium dichromate is equivalent in oxidizing properties"”td 'three* 
atoms of o^gen and it can therefore oxidize six^ molecules of ferrous 
sulphate Hence the equation can be written CFebO^ -f- KjCtoOj 
SF coOa + Cr„03 -j- 6SO3 -1- K^O The action fakes place m an acidified" 
jsolution _so_ that the ferrous sulphate is oxidized to feme sulphate,^ 
5'^2(5 Pj) 3, the potassium oxide forms potassium •mlphate, K^SO^, and 
Ahe_clupnuc oxide, chroimc sulphate, (>2(804)3 In all, thirteen SOj^ 
radicles are needed, but six 80 ^ radicles already come from the ferrous 
sulphate, hence seven molecules of sulphuric acid are needed The fulL 
equation thus becomes GFcSO, + THsSO^ == 3Fo3(SQ4)3 -f 

d- K^SOj T- THoO Similarly, one molecule of potassiumt 
dichromate can oxidize three molccttles of sulphurous acid, H,SO,, to' 
sulphuric acid, H2SO4 and the equation is accordmgly written KoCr„ 0 - 
®®2§Ga-i-S2§Q4-?^Gr2^04)3 , ^Vhen heated with, 

hydrochloric acid, chlorme is produced as indicated m our studj-^ of tli? 
action of oxidizmg agents on hydrochlonc acid f 

Chromyl chloride, OOjCk — When potassium dicnromato, a soluble 
fUon^aqd^hunc acid arc heat^ m’TreloHTa^daiklfOTsh.lirui'iii 
hquid, which boils at 116 °, distils over It is chromic o^chlonde or 
chromyl chlondc CrOoCU Chromxl chloride is decomposed mto cliromc 
acid and hydrochlonc acid by contact with water CrO Cl -i- 9TT n — 
2 rrni a. tt rvn .1 , tV- s ' — 



mixture of these three halogens be distilled with sulphuric acid and potas-! 
Slum dichromate, the distiUate, ivhen treated with water, gives a solution I 

chromic acid, the presence of chlondes mar I 
be inferred ^romyl chlonde is also formed by dissolving chromic tnoxid? 

acid, adding hydrochlonc aenk drop by drop ' 
Md distilhng the mixture as before CrO, + 2 HC 1 = CrO n tt n 

^ J?*" rcaohra fdloSh. 

supposed to be related to one another as follows Uondea are 


gs>Cr=0 


Chromic tnoxide, Cbronuo acid. 
CrOj HjCrOi 


Clilorochromio 
acid, CrO-CltOH) 


Q 


Cl 


CSiromyl cliloridc, 
CrO Cl„ - 


spondmg bromide and iodide The chlrade 

tnoxide, namely, CrCls, has not been prepar^ chromium 
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Perchromic aad — A deep blue solution is obtained by treating diluto 
solutions of obronuo aoid, or acidified cliromates wth hydrogen poroxido 
[This reaction is in oommon use as a moans of deteoting both cliromio aoid 
'and hydrogen poromdo {qv) By shaking the mixture up ivith other, an 
ethereal solution of the blue oompound formed during the reaction can bo 
obtamed. By treating the blue solution with potassium at a temperature 
below —20®, hydrogen is copiously OTOlvod, and a dark purple precipitate 
"With the empirical composition KCrO^ separates This decomposes at 
ordmary temperatures mto potassium diohromate and oxygen 2 E 2 Cr 20 g 
= 0, + 2K2Cr20f The blue solution must contain porehromio aoid cone 
spending to this salt Lithium, sodium, magnesium, calcium, banum> 
and zmc perchromatcs have boon prepared by the action of the acetates 
of those elements upon the blue solution Ammoma gas, at —40®, jnolds 
the ammomum salt If an excess of hydrogen poroxido bo cmplojcd in 
the preparation of the blue solution, stable lughor chromates have been 
produced Thus by addmg a 30 per cent solution of hydrogen poroxido 
to an alcoholic solution of potassium porohromato, a dark red precipitate 
of another potassium porohromato, KgCrO,,, is obtained This appears 
to bo stable below 70°, and is considered to be a salt of an unknoivn acid, 
HjCrOg Wo arc, however, not very clear about oven tho empirical 
composition of these higher chromates, the methods of preparing pure 
salts are not satisfactory 

§ 3 The Colours of Salt Solutions 

According €o tho loiuo hypothesis, tho colour of a dilute aqueous 
solution of an elcotrolyte is an additive eSeot of the colours of the anions, 
the cations, and of tho umonized molecule Tho colour of the latter may 
be qmte different from tho colours of the tuo former so that the colour 
changes as tho solution is more and more diluted, until ionization is com- 
plete Tho action of water on oupne chloride or oupne bromide illns 
trates the idea very well Solid oupne chlonde, CnClj, is a dark broum 
powder which, when treated with a very small quantity of water, gives a 
. yellow solution This is supposed to represent tho colour of tho molecules 
CuGlj When tho solution is still further diluted the colour becomes green, 
and finally blue The blue colour is supposed to represent tho oolour of 
the Cu ions, T)ho Cl' ions arc supposed to bo colourless. The green 
colour IS due to the partial ionization of the salt, and the sensation of 
green is due to the mixing of the yellow colour of the Cudj molecules 
with the blue colour of tho Cu ions — 

CuClj Cu 4- 2Cr 

'Vollow Blue Colourless 

" - 

Green 

If a concentrated solution of ammonium chlonde or of hydrochloric acid 
bo a^dod to the blue solution, not too dilute, the ionization is supposed 
to bo dnvon back, and blue oupne ions suppressed, os indicated on p 321, 
because tho solution becomes green Feebly ionized chlondcs, eg 
raorouno chlonde, do not restore tiio green oolour Other ooppor salts 
gii o similar results Diluto solutions of equivalent concentration give a 
similar oolour m spite of tho fact that tho salts are different- Hence it is 
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assumed that the Ou ions are coloured blue , and that the ions behave 
with respect to colour independently of one another 

Suioo cobaltous oUonde gives a pink colour m dilute solutaons, it is 
inferred that Co ions are tius colour If concentrated hy<koclilono acid 
be added, the solution becomes blue owing to the formation of blue cobaltous 
chlonde molecules The same effect is produced by raismg the temperature, 
the pink colour becomes blue because, it is said, the degree of lomzation is 
decreased by raismg the temperature The true explanation in the case 
of cobaltous chloride is probably not so simple as this, because 
pnlnniTTi ohlonde, CaClj, turns the red solution blue, zinc chloride, ZnClo, 
turns the blue solution red Tlus is supposed to be duo to the formation 
of complex salts, CaCoCl4, winch gives blue C0CI4 10ns , and Co(ZnCl4) 
which yields colourless ZnClJ 10ns and red Co 10ns Many other hypo- 
theses have been suggested — ^hydration and dehydration isomerism, etc 
Among the coloured 10ns Cu* is blue . Fo , Ni , Or , MnOJ are 
green, Co red, Sin pale pink, MnO/ purple, CrO' yellow, CijO^ 
orange rod , etc The colourless ions include CF, F, Br^, CyR^ NOf, 
POJ' , Cio; , K , Na , Ca , Mg , Fe , Pb , SO^ , etc The 
colours of the ions are deduced, as indicated above, from the effects of 
dilution on the colour of the aqueous solutions 

The lomo hypothesis assumes that the difference in the coloui of aqueous 
solutions of potassium chromate and potassium dichromato is duo to the 
difference in the colours of the CrOJ 10ns of the chromates, and the CioOC 
10ns of the dicliromates , the former are yellow, the latter orange or rod, 
The CrOJ 10ns are supposed to be unstable in the presence of the H 10ns 
of acids 2004 -f- 2H = CtjOij -f H ,0 , and the dichromate 10ns 
unstable m the presence of OH ions of alkahne solutions CijO^ 
20 H' = 2 CrOJ + HjO Since cliromium tnoxide, CrOg, gives an orange 
coloured solution -with water, it is inferred that dichromic, not cluomic 
acid IS formed when CrOg is dissolved in water This view is confirmed 
by observations on the depression of tlie freezing point of aqueous solutions 
of chromium tnoxido and from measurements on the electrical conductivity 
of the aqueous solutions 


§ 4 Chromium Oxides and Hydroxides 

Chromium hydroxide, Or(OH)3 By adding potassium hydroxide 
to a solution of chromous chlonde (y w ) a yellowish broivn precipitate of 
chromous hydroxide is obtamed winch rapidly oxidizes Hi air, Tho 
corresponding chromous oxide, CrO, has not been obtamed 

Chromium sesquioxide, OPg This oxide is prepared as a dark 
green powder when ammomum dichromate is heated, or when a mixture 
of potassium dichromate and ammomum chlonde is heated In the latter 
the potassium chloride is removed by washing the residue wth water 
^e oxide calomed at a high temperature is dissolved by acids very slowlv 
Chronuc hy^oxide, Cr(OH)3, separates as a blmsh gelatmous (colloidal) 
prMipitate when ammoma is added to a solution of a chromic salt Chromic 
hy«^mde dissolv^ in a solution of chromic chlonde, and if the solution 
be dialyzed, m in the case of feme chloride, a colloidal solution, hydrosol 
of chromic hytade is obtamed When freshly precipitated, rfiromio 
hydroxide readily dissolves in acids, but it is less rapidly dissolved if t 
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has stood somO time Wlion heated in air, it forms gixioli chromic oxido, 
CtjOj Several iiiiliortaiit green pigmente are inad6 by prepatmg the 
oMclo tinder special conditions, e g caloming potassium dichromate 
intimately mixed ivitli sulphUr, ammonium chlondo, stal-oh, boric acid, 
etc , and extracting the matters soluble in ivater Guignet’s green, foi 
instance, is made by calcining potassium dichromate mth borie'aoid, oto 
Chromic sesqmoxide, in an extremely fine state of subdivision, appears 
to bo crimson, foi if ah mtimate mixture of stanmo oxide, or zihe oxide, 
or alUmma, intli a very small proportion of chromic oxide bo heated to 
a lugh temperature in an oxidizmg atmosphere a red poivdci is Obtained 
Tliore IS some evidence to shoir that the red colour is not duo to tlio 
formation of a chemical compound, and that the “ chrome tin ” colour is 
related to purple of Cassms {qv) The “ chrome tm '' ciimson is used 
for colounng pottery, glazes, etc The chrome alumina colour can bo 
prepared to appear green m daylight Or in reflected hght, and crimson 
m transmitted or m artiflcial hght, thus resembling the mineral alexandrite. 
Cliromium is the colounng agent of artificial rubies, first synthesized m 
1837 by A Gaudm by melting together potassium dichromate and alununa 
m the oxyhydrogen blowpipe 

Chromic hydroxide is a base, and forms salts — chromic chlonde, sulphate, 
etc — when treated with the proper acid It is also a feCble acid, for, 
when freshly precipitated, it dissolves m alkah hydroxides presumably 
owing to the formation of alkahne chtomites — e g Cr(OH),OK:, or CrO OK, 
that 18 , KCrOj Native chromite is a ferrous chromite, liB(Cr02)2, its 
constitution is probably analogous with the spmels (g v ) The chromites 
arc regarded as denvatives of an unknown c^omous acid, HCrO^ Tlio 
soluble chromites are hydrolyzed when them aqueous solutions are boiled, 
and greenish chromic hydroxide is precipitated 

§ 5 Chromium 

History — ^In 1762 J G Lehmann, in a letter to the naturalist G L L 
do Buflon, described a new mineral from Siberia Wo now know this 
mineral to be croooisite, or load chromate Both L. N Vauquehn and 
Maoquart, in 1789, failed to recognize in the mineral a new element, and 
both reported lead, iron, alununa, and a large amoimt of oxj'gon How- 
ever, in 1797, L. N Vauquelm re exanuned the mineral and concluded 
that the lead must be combined with a pcouhar acid which he considered 
to be the oxide of a non metal This ho called chromium — ^from the Greek 
XpSfia (chroma), coloui^-^ccauso its Compounds are all coloured In 1*798, 
L. N Vauquelm detected tlio now element in spinel and m smaiagdito, 
and P Tosscert found chromium in chrome iron ore in 1799 

Occurrence — Aletalho chromium docs not occur free m nature It 
occurs oombmed with oxygen in chrome ochre, which is chromium sosqm- 
oxido, CrjOj, associated inth more or less earthy matters Chromite, 
Po(Cr02)o, IS the chief ore of ohronuum It also occurs os lead oliromato 
in crocoite or crocoisite, Pb 0 r 04 Traces occur in many minerals — emerald, 
]ade, sciqiontuio, etc 

Preparation of the metal — diromium metal can bo prepared by 
reducing chromium sosquioxido mth carbon m the olcotnc furnace, or 
bettor, by the alummothermic process, which is also called, after its 
inventor, the H Goldschmidt’s process (1905) An intimate mixturo of 
chromium sosquioxido and alummiura powder. A, Pig 170, is placed in a 
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rofractorj' clay crucible so that about two-thirds of tho crucible is filled 
A mixture of sodium or banum peroxide and aluminium powder is placed 
over this, as at B, Fig 170 A piece of magnesium nbbon, C, is stuck 
into the latter mixture, and a layer of powdered fluorspar, D, is placed over 
all The crucible is then set in a tray of sand and the magnesium nbbon, 
C, igmted. IVhcn the flame teaches the peroxide mixture, B, the alumimum^ 
IS ondized with explosive violence, and. care must be taken to protect 
the face and hands acoordmgly The heat of tho combustion of the 
alumimum m the ignition mixture, B, starts tho reaction hetween tho 
chromic oxide and the alumimum The chromic oxide is reduced to metal, 
and the alununium is oxidized to alumina -{-2A1 = 2Cr -f- ALO-j. 

When the crucible is cold, a button of metallic chromium will bo found 
on the bottom The slag is nothing but fused alumina uhich has ciystal- 
hzed so as to form a kmd of artificial corundniu. This is called coTvhxn 
to distmgmsh it from natural corundum In Goldschmidt’s uorks at 
Essen, about 100 kilograms of chromium are produced at a single charge 
The reduction takes place m loss than half an hour Manganese is produced 
m a similar manner Titanium, alloyed mth 
iron — ^ferro titamum — ^is produced bj the same 
process 

Properties of metallic chromium. — 

Chromium is a hard metal of a steel grey colour 
A 98-99 per cent sample melted at 1520°, and! 
boiled about 2200° The metal is fairly stable m | 
air but oxidizes uhen heated to a high tempera- 
ture, formin g chromium sesqmoxide, 

The metal dissolves m dilute hydroohlono ond| 
sulphuric acids, fornung respectively chromousl 
chlonde and chromous sMphate, with tho| 
evolution of hydrogen UTien placed m contact! 
with mtnc acid, the metal becomes mert or passive, for it is then no longer 
attacked by acids which dissolve it under normal conditions The pheno- 
menon of “ passivity ” is discussed m coimection with non 

Atomic weight. — ^The combmmg weight of chromium has been deter- 
mmed from the amount of chromium m silver and banum chromates , m 
chromium sulphate , m ammomum chronuum alum , chromium chlonde 
potassium and ammomum dichromates, etc The results show that if 
oiygen be 18, the combmmg weight of chromium hes somewheio between 
61 6 and 53 5 The atomic weight is generally taken to bo 52 i, 0 = 16 
This number agrees with Dulong and Petit’s rule, for tho specific heat 
of chromium is 0 12, and G 4 — 0 12 furnishes the number 63 3 Tins 
number is sufficiently close to 52 1 to show that 52 1 represents the 
atomic weight of chromium if Dulong and Petit’s rule annhes to 
cnromium ^ ^ 

Uses — Ferro-chromium alloys are made contammg over 60 ner cent 
of chromium and less than 2 per cent of carbon by smeltmg lugh-grade 
chromites m tho el^tnc ^ace Fem-chroimum is used m the i^nu- 
fnetore of chrome-steel Chrome.«t^l ^ a hard, tough, and dense mSal 
vuth a high tensile strength Steel with 1 to H per cent, of carbon and 
2i to 4 per cent of chromium is so hard that it cannot be uorked bv 

ordmaryhardpnedtoolsteels-forexample,iti3dnllproof, Itcan howver 



Fic 170 — Alumino-Tlicr 
roio Process for reduc- 
tion of Oxides 
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be ^reldod to iron, and rolled into sheets, etc It is used in the nianu* 
faoture of burglar proof safes, cutlery, stamp null shoos, crusher jaws, 
knuckles for oar couplings, etc It is supenor to every knoivn metal 
for the wearing parts of onishing and pulvenzmg nulls. Alloys of chromium, 
luchel, and iron are used for the armour plates of war-ships The alloy 
IS hard and elastic, and even if a projectile does penetrate the armour 
platmg the metal does not crack. 

Chromite is used m making the hearths of steel furnaces smcc it can 
be used as a neutral refractory matenal between the basic (magnesian) 
bnclcs in the interior of the furnace, and the aoidio (sihceons) bnoks out- 
side. Chromite bnoks are not mjured by contact with basic, nor with 
acid bricks , whereas aoidio and basic bnoks, when heated m contact with 
one another, are likely to fnse at the surfaces of contact owing to the 
formation of fnsible sdioates. The bnoks are very refractory — softeiung 
between 2000° and 2100° — and do not oraok by sudden heatmg and coolmg 

Fotassinm and sodium chromates are used m dyemg, in the manu- 
facture of pigments (chrome yellow, ohromo red, Guignet’s green, etc ) , 
m tanmng leather, ete Chromio tnoxide is used m place of nitno acid 
in some voltaic batteries, etc 

§ 6 Molybdenum, Tungsten, and Uramum 

Molybdenum, Mo Tungsten, W TJramnm, IT 

Atomic weight 06 184 238 6 

Molybdenum Mo, 

The tenn n6\vpSas (molybdos) was appbed by the Greeks to galena 
and other lead ores Up to the middle of the eighteenth century, the 
nimeral molybdite or molybdemte was supposed to bo identical with 
graphite, then known as “ plumbago ” or “ black lead ” In 1778, K. W 
Scheole, m his Treatise on Molybdena, showed that, unlike plumbago or 
graphite, molybdemte forms a “ pecnliar white earth ” when treated with 
nitnc aoid This he proved to have acid properties, and he called it 
“aoidum molybdence,” that is, molybdio acid, and he correctly eon 
Bidered the imneral molybdemte to be a molybdenum sulphide In 1700, 
F J Hjelm isolated the element os a metalho powder by heatmg molybdio 
acid with charcoal 

Molybdic tnoxide, M0O3, is the most important compound of moly- 
bdenum Like the analogous chromic tnoxide, it behaves os an acid 
anhydndc, formmg molybdic aad^ H3M0O4, and salts are called moly- 
bdates A solution of ammomum molybdate ^ssoh ed m an excess of mtno 
aoid IS used ns a test for phosphates because it gives a yellow precipitate 
- of ammomum phosphomolybdate ivith solutions contammg phosphates 
A similar precipitate is produced with arsenates The composition of the 
precipitate vanes a httle with the conditions under which it is formed, 
BO that the amount of AsjOg or FjOj associated with a given amount of the 
precipitate is not always the same , consequently, in quantitative work, 
tlio precipitate is usually redissolved and the phosphorus re precipitated 
os magnesium ammonium phosphate {qv) which is more easily controlled. 

The \anablo composition of precipitated ammonium phosphomolybdate 
may seem to violate the “ constancy of composition ” test for distmguishmg 
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compounds from mixtures It has been stated that ** there arc no 
exceptions to the law of constant composition,” the real meaning of the 
phrase is that a compound is defined as a substance of constant 
composition, and we refuse to call any other substance a chemical 
compound As P Duhem ( 1902 ) has pomted out, so long as we do 
this there can be no exceptions to the law In the present case, the 
difficulty IS usually referr^ to the tendency of cliromic, molybdic, 
and tungstic acids to condense and form complex salts of the typo 
R3O nCrOg , RjO 71M0O3 , and RjO nWOg, where n represents the 
numencal ratio between the CrOj, ^ , and the RiO groups Salts of 
acids more hydrated than H^MoO^ arc known Ordmaiy ammonium 
molybdate, for instance, is (NH4)5 Moy 024 4H2O , ordinary sodium 
tungstate is NajoWj204i 28H2O, that is,* SNajO 12W03.28H20 In 
addition to tins, molybdic and tungstic acids can umte with one or more 
molecules of phosphoric, arsemc, sihcic and other acids, forming still more 
complex acids, thus, we have phospho-, arseno-, arsem*, vanadi-, and 
sihoi- molybdic and tungstic acids, etc Chromium, as we have seen, 
forms a similar senes of acids , uranium exhibits but a shght tendency to 
form complex acids ^ 

The more important oxides of molybdenum are MoO, M02O3, MoOj,, 
M0O3, and m addition, several complex oxides appear to exist' — ^MOgOe 
OT M0O2M0O3, MogOg or M0O22M0O3, MogOjg or 3M0O22M0O3 
The molybdates are reduced by zinc in acid solution to one of the lower 
oxides approximately, MojOg, and at the same time the colour of the 
solution changes through vanous shades of violet, blue, and black A 
reddish-brown molybdenum sulphide is precipitated by hydrogen sulphide in 
ohlondes of molybdenum MoUj, MoClg, MoCl,, MoCl, 
and MoCag are knoivn Hence molybdenum is 2-, J-, 4 , 6-, and 6-valont 

Molybdenum steel is hard and less brittle than tungsten steel Moly- 
bdeuum is said to be far more effective than tungsten m the manufacture 
o^ard steels. Molybdenum steel is used for making rifle barrels, propeller 
sMfta, etc , and particularly high speed tool steels These steels, unhko 
orAnary ^^rbon steels, have the pcouhar property of retainuig their 
T degree, so that it is possible to make 

impairag its quahjy Molybdenum steel contains up to 10 per cent of 
molyMenum Molybdenum is also used as a blue igment in pSSam 
pamtmg , m silk and woollen dyemg , and m colounng leather an^bber 

Tungalen, W 

oxide of a 

that tnnge^a ^ 
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soaked in a solution of sodium tungstate and then dned do not bum 
■with a flame but smoulder nivay slowly, henee sodium tungstate is used 
in makmg artielos of olothing — c g flannelette — ^whioh the niakere stjdo 
" non'inflammable ” — an insoluble tungstate is precipitated in the fibres 
of the fabric Sodium tungstate is used as a mordant m dyeing Lend 
tungstate has been used as a substitute for white lead m painting The 
triO'nde is used as a canary jellow pigment Tungsten is also used ip 
makmg high speed steels — see “ Molybdenum ” 

TJrammn, V 

The mmeral pitchblende u as formerly supposed to bo an ore of zme, iron, 
or tungsten, but M. H. Klaproth (1789) proved that it contamed iihat he 
styled a “ half motalhe substance ” different from the three elements 
]ust named This element was named “ uramum,” in honour of Horsohers 
discovery of the planet Uranus m 1781 E M. Pdhgot proved that 
Klaproth’s element was really an oxide of uranium, and ho isolated the 
ipotal itself in 1842 

Uranium forms five oxides — UgOg, TJOj, UgOg, UO3, UO4 The 
chlondes UCl,, UCI4, U01„, UOjGL, and a fluonde UPg are Imown Hence 
■uramum is 3 , 4-, 5 , and 6 valent Uramum is quadrrvalBnt m the 
uranous salts, apd soxivalent m the uranie salts, The uramo salts 
are dcnvcd from uramo acid, UOjlOHlj Thus, uramc nitrate is 
UO,(N03)3.6H30 , uramo chloride is UCjClj, etc The group UO^ is 
generally called uranyl , apd the salts just named are respectively uranyl 
nitrate and uran^fcSwride, Uramo tnoxide, UO3, has also aoidio properties, 
for it forms salts mono , di , tn , and tetra uranates, analogous in constitu- 
tion with the oorrespondmg chromates (p 4flG) Ilius sodium diuranate 
IS NaoUjOj 6H3O, etc Sodium diuranate is called uramum yellow, and 
IS used, ns well os uramum oxide, for oolounng glass and pottoiy glazes 
Uranium is also used in the manufacture of moondescont mantles Union 
alloyed -with stool, it makes the metal tough and hard Solutions of uranyl 
nitrate or uranyl acetate are used in the volumetne detonmnation of 
phosphoric acid If a solution containmg a known amount of, saj', uranyl 
nitrate bo added to a solution eontoimng soluble phosphates, a greemsh 
yellow precipitate of uranyl ammonium phosphate, U0j{NH4)P04, 
insoluble in acetic acid, will ha formed os long os any phosphate remains 
in the solution, U^en the phosphates are all prceipitated, any further 
addition of the standard solution of uranyl nitrate will cause the solution 
to give a broivn coloration when a drop is brought in oontaet with a drop 
of a solution of potossium forroeyamde on, say, a white plate ^ 

Molybdenum occurs as molybdenite, that is, molybdenum sulpludc, 
MoSj, toul/cmle, lead molybdate, PbMoO^ , uramum ooours as pitchblende, or 
vrammte, UgOg , and tungsten as icolfram, FeWO^, and soheehie, CaWO^ 
The metals ore made by reducing the oxides or salts ■with reduemg 
agents— carbon, potassium cyanide, hydrogen, sodium, or aluminium 

§ 7 The Relationship of the Chromium Family 

Tlie metals chromium, molybdenum, timgsten, and uramum are difli- 
oult to fuse, their physical properties are mdicatcd m the foUomng table — • 
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CliTonuutn 

Molybdenum 

Tungsten 

Uramum 

Atomic weight 

52 1 

96 1 

184 

238 5 

Specific gravity 

6 74 ' 

9 01 ] 

10 13 

18 7 

Atomic volume 

77 1 

10 6 

06 

12 7 

Melting point 

1600“ 

c 2460“ 

3267“±30“ 

1600“ 


The metals combine directly with oxj'gen, sulphui, nitrogen, and tlio 
halogens when heated m an atmosphere of these gases The oxides are 
difficult to reduce Tlio tnoxides — CrOa, M0O3, WO3, UO, — 
are acidic, and they form salts of the type KoROi as indicated O 
above Tlie formation of complex aoi^ is also noteworthy ^ 

The relationship of the chromium family mth the sulphui 
family is brought out by the analogy between potassium Ct\ 
chromate and sulphate , sodium chromate and sulphate , 1 So 

sulphuryl and ohromyl chlorides , dicliromates, disulphates, and ^0 1 
diuranates, etc Starting inth the elements with the smalle't lU 
atonue weight, the relationship between the chromium and j 
sulphur families is generally shown by a scheme hke that ih U 
the margm Tlie fault with this scheme is that it makes the 
relationship appear closer than the known facte would lead ns to suppose} 
and the student might reasonably think that there is a tendency to go e 
begging for analogies between unrelated elements Chrominm also has some 
analogies with metals of other groups, e g alummium and tnvalent iron {q v ) 

Question^ 


1 The Cxido of chromium, Cr-Oj, and the hvdroYide, CrfOin t.™ 

u ”0 stSroeS QcroJd 

fact that the salt, Cri(S04)„ is stable m water while the Correspondinir am Imnnfl 
and siilphide are not stable ? Wiat compound 13 formed whwS ilf 
” ‘idded to a solution of a chromic salt J-Massa^uMtalnTTe^^^uD^A 
^ reaction tabes place when thermit is ignited ? What usm i^’rnaf 

when volaUmbd at 1200“ C displaced 12 049c ”“5*“ s<a<lv»fohlorido 

mm ) calculate the density Of iKpou^ ^L^rS^th 

as “ »« 

li^ight Xthe mcWa?e’us'i® 

The heat of <»rtibratio1l’bra1^mi^^^m «*7060°of ^ 

carbon 8000 calones From these data^etemme 2170, and of 

alumuuum or sodium from their oxides by wS -SSrf 0 / ^ todUce 





“CHAPTER XXV 


Manganese 
§ 1 Manganese Oxides 

Manganese dioxide, MnO, — ^The imnoral pyroliisile, commonly contains 
from 70 to 90 per cent, of manganese dioxido, MnOj. contaminatcd> with 
more or less iron, alumina, silica, lime, barj'ta, and may bo cobalt When 
heated, manganese dioxide loses oxygon and changes to manganese scsqui- 
oxide, MnoOj, and then to mangano mangamo oxide, Mn^O^ Cold con< 
oentrated hydroelilono aoid gives a dark brown liquid, and very little 
ohlonne is evolved The cold solution probably contains manganese 
trichloride, MnCl^, and possibly also a little manganese tetrachloride, 
MnCl^ , but the composition of the liqmd is not deimitoly known In 
any case, ohlormo gas (qv) is evolved when the hqmd is warmed, and 
manganous chloride, MnCL, remains in solution Tllien heated mtli 
sulphuric acid, a solution oif manganese sulphate, MnSO^, is formed and 
oxygen gas is evolved 2JIn02 + 2H^04 2MnS04 + 23^0 + Oy 

Manganese dioxide appears to be a feeble acidio oxtd'o , but' since 
it dissolves in acids ivith the evolution of oxygen or its eqmvolont,^t is 
probably an extremely feeble basic oxide, if at oil There is no direct 
evidence of the existence of manganese tetrachlonde, MnCl4, in aqueous 
solution, but double salts, MnCI^ 2 KC 1 , or rather complex salts, K^InClg, aro 
known, <{/' p 258 Manganese dioxide does not give hydrogen peroxide mth 

0 

acids, and it is not therefore a " superoxide ” Mn<Q , it is usually repre 

sented as a “ polyoxide,” 0 =Mn= 0 , although some consider it to bo 
(MnOg), — a manganous manganate hfa=Mn04 — shown graphically on 
p 479 ~ The constitution of manganese dioxide has not yet been made 
clear 

Manganic sulphate, Mn2(S04)3 is obtamed os a dark green powder 
when manganese dioxide is gently heated with concentrated sulphuric 
acid The mangamc sulphate is immediately hydrolyzed by water, and 
it forms a senes of “alums,” isomorphous with alunumum alums, when 
treated ivith alkahne sulphates !&us, manganic potassium alum, 
11112(804)3 K2SO4 24H2O, crystallizes m violet octahedral crystals The 
alums are rather more stable than mangamo sulphate itself, but even then 
the potassium and ammonium manganic alums -are so unstable that it 
IS doubtful if they have been made pure, for they are hydrolyzed by ^rateri, 
forming manganic hydroxide, Mn(0H)3. Ckesiam and nibidiiim mangamo 
alums are fairly stable 
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Hydrated manganese dioxide, MnOoHoO, or manganous acid, 
H3Mn03 — ^When an alkaline hypochlonte or Inj^bromite (or an alkaline 
hydroxide with chlorine oi bromine water) is added to an aqueous solution 
of a manganous salt, say, manganous chlonde, MnClg* called “ hy- 

drated manganese oxide hlnOj HoO,” is precipitated just as lead dioxide 
IS precipitated from a lead salt solution under similar conditions The 
reaction is represented 2MnCl2 -f- 4NaOCl = 2hln02 + 4NaCl -f 2Clo 
^e compound MX1O2H2O is possibly a manganous acid, H2Mn03 A 
colloidal solution of this acid is easdy obtained Many compounds of 
manganese dioxide with the basic oxides are known The “ manganese 
mud ” formed by blowng au through a solution containing a mixture of 
lime with a solution of manganese chlonde is supposed to contain calcium 
mangamte — CJaO MnOo , or CaMnOa Calcium manganite is insoluble in 
water and slowly settles as a black mud — ^p 234 

Manganese sesquioxide, M1I0O3. — ^Also called red oxide of manganese 
It occurs m nature as bravmfe, MnPj, or rather SMnjOa MnSiOo Man- 
ganese sesquioxide is obtamed as a block powder wdion any other oxide of 
manganese is heated to about 900“ in a current of oxygen Tlio corrc$ 
ponding manganic hydroxide, MnO OH, is formed w hen manganic sulphate 
IS decomjiosed by water Tins compound is converted into manganese 
dioxide when calcined to about 300“ Tlie salts, manganic sulphate and 
manganic chloride have been described With concentrated hydrochloric 
acid, the hydroxide seems to furnish manganese tnchlondo {q i ) This 
shows that manganese sesquioxido possesses basic functions Neither flio 
oxide nor the hydroxide seems to diasolve in cold sulphunc acid , hot 
dilute sulphunc acid forms manganous sulphate, hbiSO^, and leaves man- 
ganese dioxide insoluble With hot mtric acid, manganous nitrate and 
manganese dioxide are fonned 2MnO OH -j- 2HNO, -» Mn(NO ), -f- 
MhOj + 2H2O Hence, this oxide is sometimes represented as hlhO MnOo 
or better as manganous mangamte, MnMnOa, analogous with calcium 
manganite The mangamtes are thus represented graphically 


0=Mn<g>Ca 0*Mn<g>hIn 

Manganous ocid Calcium mangaiuto Manganous mangamte 

18 hypothesis , however, tnvalcnt manganese compounds are known 
and manganese sesquioxide may be one of them 0=Jbi~0— Mn=0 
Mangano-mangamc oxide, MnaO^— This oxide occurs m nature u 
^TOmatio crystals of havsmanniU, and it is formed as a browmsh-ret 
^^er when any of the manganese oxides are ignited m air It can b( 
obtam^ m a crystalline condition by heatmg tiie pow'dered oxide in / 
current of hydrogen chlonde hhingano-mangamc oxide is not a sirnnk 

to be a compound oxide— 2MnO MnO„ or MnO n appears 
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FeOiFdjOa, mndo no o-ado corresponding -mth quadnv'Uont iroh — ^FoOo — 
13 kiiowTi to exist Hence our tllfeoTy of the constitution of MhaO^ depends 
Upon what tiou is taken of the constitution of Alh 203 A red soUi> 
tioh, containing manganous and manganic sulphates, is formed when 
hln^O^ is treated mth concentrated sulphuric acid, this corresponds with 
the formula MnO MnoOg for maUgano manganic oxide , and the fonnn- 
tion of manganese dioxide and manganous salt i^'hcn mangano manganic 
oxide IS treated with dilute sulphUnc or mtno acid agrees mth 
or 2MnO MnOa that is, with 

Mn<0>Jln<g>Mn 

Manganous oxide, MnO — Wlien manganous chloride is treated with 
an alkaline hydroxide, in the absence of air, a colourless flocbulent pto 
cipitato of manganous hydroxide, Mn(OH)2) is fonuod Tins quickly 
oxidizes probably to green manganic hj droxido, Mn(OH)2 The hym’okido 
is slightly soluble in nater If ammomum salts be present, a soluble 
complex salt, say, (NH^ljMnCl^, is formed. Hehco, the complete pro 
oipitation of manganese hydroxide by ammonia is prevented by tlio 
simultaneous formation of ammomum salts If the ammomocal solution 
of manganese hydroxide be exposed to air, mangatiic hydroxide, Mn(0H)3, 
is sloulj’^ precipitated 

If sodium carbonate bo added to a solution of a maUganoUs salt, 
mailganous carbonate, MnCOg, is precipitated If manganous carbonato 
or hydroxide bo heated m the absence of nir, or if any of the hydroxides 
of manganese be heated m a current of hydrogen gas, MnDg is first formed , 
at 280° MnjO^ is produced , and finally a greemsh powSor of manganous 
oxide, MnO, is obtained This oxidizes rapidly on otposiire to the aii 
The manganous salts are readdy obtomed by treatmg the carbonate ot 
hydroxide with the proper acid The manganous salts are pink in coloui, 
the aqueous solutions are almost colourless Unlike the ferrous sMts, the 
manganous salts are stable m the sohd condition, and also m neutral oi 
aoid solutions Manganous chlonde and sulphate both form double or 
complex salts with the alkoh salts — Mn0l2 2NH4CI H2O , MnSO^ IC2SOJ 
GH,0 Manganese and iron form similai isomorphous double salts, p 258 

' ' § 2 Manganates and Permanganates! 

Manganates — ^WhCn manganese dioxide is fused mth potassium or 
sodium hydroxide, in the absence of air, a part of the manganese is con* 
verted into the corresponding mafaganate , e g SS hiO;, + 2 KO H = K gMhO^ 
-f lifngOa jfc H9O H air be present, and IP some oxlHIzmg*^gcn£^ 

potassium nitrate or chlotate — bo associated with tlio mixture, the man* 
ganeso dioxide can bo nearly all converted into potassium manganate 
gMuOo •J:^4K0S4^0g = 2I^Mn04 d^2HgO The fused mass has a dark 
green colour, and vhen diluted with a small quantity of ivatbr, it funushoS 
a dark green solution from which dark green crystals of potassium man- 
ganate, obtamed fay allowing the solution to evaporate, 

at ordinaiy' tomjieraturcs, in vacuo Sodium manganate can bo mode by 
a similar process Using sodium in place of potassium compounds , and it 
can also be made by fusine manganese dioxide and other mancan^ 
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compounds Avit h sodium peroy ido Tlio sodium manganatu, No2Mn04 ^ 
TtfH^rhtts-aTSSS^^ition resembling Glauber’s salt, NajSO^ lOHjO Tho| 
isomorphism of sodium manganate with sodium sulphate and sodium 
ohromate malces it probable that all those compounds have a similar 
constitution, and that like sulphur in tlio sulphates, manganese is sexi- 
valent m the manganates By analogy with the sulphates, thoroforo, tho 
graphic formula of potassium manganate is UTitton 


Ov^,r ,OK 

0>Mn<Qjj 

Potassium manganate 


2>Mn<g>Ba 

Banum manganate 


2>Mri<^>Mii 
Manganous manganate 


Permangcinates — ^^Vhon tho green concentrated solution of potassium 
manganate is gently iTOrmed, or largely diluted with water, tho green I 
colour changes to pink oivmg to the formation of a solution of potassium 
permanganate, KMn04, and a precipitation of hydrated monganose dioxide, 
MnO„ HgO, thus SK^MnO^ + 3HjO = 2KMn04 + E^0+4K:0H 

It is supposed that the potassium manganate is &st hydrolyzed, forming 
manganic acid KoMnO^ + 2H3O = 2KOH + H^In04 , and that the! 
mangamo acid is so unstable that it is decomposed at once , SEgWhO.* 
= 2HMnO^ + MnOg HoO + HgO The manganate is thus self-oxidized> 
and self-reduced for the manganate is decomposed into a compound iiohor| 
in oxygon and at tho same time into a compound poorer in oxygon One part 
of tho compound is oxidized at the expense of tho oxj'gen m anothci part ‘ 
Several examples of this phenomenon have already been given— tho deeom-; 
po ation of hypooh lontcs into chlorates and chlorides , the iBinboiTafa 
chlorate " gives a ncrclilorate and a'AnoTirreT^'^hlle 
and sulplutes giv67‘bn''calcinationTn tho absent 






and mtric oxide , hypophosphorous 


given^dsplidric 


-- — — ,, XV xo loittu puie wii nor nyoroiyzo tlio solution 

If a small trace of acid bo present, oven carbonic acid derived from tlio 
atmosphere, the hydrolysis takes place Hence if carbon dioxido bo 
passed tluough an aqueous solution of potassium manganate, tlie latter is^ 
convoy mto a permanganate £311004 + H3CO3 = IL,COa + HJ\InO, 
and the manganic acid is then decomposed as mdicated“abovc Tins is< 
one method of makmg potassium permanganate , or, solutions of notassiumV 

Td SfomtogT^t peroxide,^ 

perchlorate, KOIO4 The isomorphism makes it piobablo that mang^cso 

aeptivalent, and that the compound has tho 

O^Mn— OK 

The crystals are moderately soluble m water inn ^ t x 

dissolve 2 83 grams of tho salt , and at 60° 10 S^gSnS^ 

solution 13 an mtonse pmpile colour grams, The saturated 
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■\Vhon lioated to about 240°, potassium pormanganato furnishes ovygon 
and potassium manganate 6K31nQ4.=^3J&5iyiAQ4.±j3Mn02,+ 30,. With 
concentrated sulphuno acid, it decomposes oxplosivoly 4KMn04_4:- 
6H2SO4 = 2KjS04^4MnS04 + OHjO + 50a > ^ decomposed 

very dilute sulphuno acid, hot or cold. If a hot aqueous solution of 
iedver mtrate and potassium permanganate be cooled, silver permanganate, 
AgMnO^, separates, and if the solution of silver permanganate bo 
treated with banum chlonde, banum permanganate, Ba^MnO^lj, and 
'insoluble sdvor chloride are formed. 

Permanganic aad and its anhydride — ^Potassium permanganate is a 
salt of permanganic acid, HMnO^ Permanganic acid is bestms^e by add 
ing just sufficient sulphuno acid to banum permanganate to convert all the 
banum into banum sulphate On evaporatmg the filtered solution, violet 
crystals of permangamo acid are obtamed. Like perohlono acid, HCIO^, 
permang^ic aad, HMnO^, i s a powerful ondizing agent, and like pot 
chlono aoB, it decomposes In contact with organic matter If solid 
potassium permanganate be oaufidusly addea to iveli cooled concen- 
trated sulphuric acid, a green oily liqmd is obtamed which appears to be 
(Ma03)j^04 If a httle water be added to this solution, well cooled, a 
dark radish brown hquid separates which does not solidify at —20° 
This IS supposed to be manganese heptomde, MmO^ (^£103)3804 -|- 
HjO = Mj^Oj -b HaS04, or graphically, by analogy ivith chlonne 
heptozide 



Manganese heptoxide is very unstable, and decomposes with violence when 
11 armed, formmg a lower oxide and oxygen 2Mn20,, = 4Mn02 -f 30j 
A mixtme of ^phur, or phosphorus -with potassium permanganate, is 
violently explosive Manganese heptoxide is permanganic anhydnde, 
because, when treated with cold water and sulphuno acid, it regenerates 
the green solution of (Mn0j)jS04 

1 Manganic aad and its anhydnde — ^If sohd potassium perman- 
ganate bo dissolved m concentrated sulphuno acid, and the green solution — 
probably of {Mn0g)aS04 — be dropped upon dry sodium carbonate, violet 
fumes are evolved. These fumes may be condensed to a red viscid sohd 
not yet proved to be Mn03, mangamc anhydnde or manganese tnomde 
The permanganic anhydnde is probably decomposed by the reaction 
SMojOa = dMnOg -t- O3. Manganese tnoxide is decomposed by water 
S&InOg -1- H3O = 2HMn04 + MnOg. Mangamc aad, H2Mn04, might 
be expected to be a product of tl^ reaction , but manganie acid has not 
boon prepared in the pure state 

2 Oxidizing action of the permanganates — ^Potassium permanganate 
1 18 not acted upon by pure sodium or potassium hydroxides m aqueous solu- 
Etions, but the commercial alkalme hydroxides generally contam sufficient 
timpunties to reduce some of the permanganate When heated with an 
t alkah, potassium permanganate reverts to potassium manganate 4TCATn O^ 
f 4KOH = 4E!3Mn04 2H2O -|- Oj , if a reducing agent Tbe present, the 
I alkalme pormanganato solution is further reduced to manganese dioxide 

i 4KMh04 2H3O = dMnOg -j- 4KOH -f- 30^ , while m acidified solutions, the 
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reduction proceeds still further, and a manganous salt is formed • j” 
4KMn04 + 6H2SO4 = 2K3SO4 + 4MhS04 + eHgO + SOg There are thus | 
three stages in the reduction of potassium permanganate corresponding r 
with the separation of 1, 3, and 5 atoms of oxygen per two molecules of r 
salt, the decomposition products are respectively potassium manganato, | 
manganese dioxide, and a manganous salt In symbols 

M^0 T-»2a in03 + 0 , MnoOy ->2Mn02 -}^30 , 2iI^+50 

The first takes place m alkahne solutions , the second in alkahne and 
reduemg solutions , and the third m acid solutions - 

Oxahe acid, ferrous sulphate, sulphurous acid, hydrogen peroxide, ^ 
mtrous acid , etc , reduce potassium perman gana te to a manganous salt 
injnuafijd^solution Smee the solution of the manganous^salt is almost 
colourless, jf_ajsolution of potassium permanganate containing a known 
a mount _p f_the.salt per litre, be added from a burette, the permanganate 
IS decolonzed as fast as_it is_ added to the reduem g a gent, until sdl the 
latter has“been oxidized. The appearance of a permanent pink colora- 
tion due to the p ermanganate shows that all the reduemg agent is 
destroy ^ ' T he solution must be kept acid or a prccipitlde of hydrated 
mangane se ^ oxide will be formed. 


§ 3 Manganese 


History —Manganese appears to have been used by the ancient 
Egyptians and Homans for bleachmg glass Phny mentions its use for 
this purpose under the name “ magnes " B Valentine and many later 
chemists beheved wad to be an ore of iron J H Pott (1740) proved that 
pyroluBite proper does not contam iron, and prepared a number of salts from 
it K. W Scheele (1774) made an important mvcstigation on manganese 
(wd€chlorme),andT Borgmann (1774) concluded from Scheclc’s evpen- 
ments that pyrolusite contained a new metal which was afterwards isolated 
by J E John m 1807 


Occurrence — The metal manganese does not occur free in nature 
The chief minerals are the oxides ‘pyrdhmlt, MnOo , braunife, hln-O 
hausmanmte, JhigO^ , mangamte, ilbgOg H.,0 The carbonate, Mn flQ * 
IS often associated with sidente (FeCOg) manganese also occurs iw 
sulphide, manganese blende, MnS ITad is an impure mixture of man- 
pnese oxides often found m damp low-lymg places Wad is supposed 
to be a decomposition product of the manganese minerals IVBnute quanti- 
ties of manganese occur in water, plants, and animals, and traces also 
app^r to be the colouring agent of many amethyst-coloured minerals 
1. the met^— Metafile manganese has been obtainedl 

"hen a very high temperature IS required f 

It 18 far ^ter to mix dry manganese dioxide with dry alummium powdert 
m a craci^, and to igmte the mixture as m Goldschmidt’s process, Fm 170 f 
tor the reduction of chronuum oxide 3MnO, -f 4A1 = 2A1 O 1 

The metafile manpnese and alumina are melted by the high temperature f 
and the metal cOfiects at the bottom of the crucible ° ^ 

Properties of the metal — 'Manganese is a crov metal ■mtVi a. 1 
trngo U,o bismutli Tho motel is bntSe and fs^it ^ mn 

a density ol S-O, molte St 1245» and bods »t 1000’ Tbomo^””nti^m 
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tho oloofcric aro fiirnncos Manganaso is suporfioially oxidiyod wlion oxiioscd 
to tho air, and it dooomposcs in contact with water with tho evolution of 
hydrogen Wlion heated in nitrogen, it forms manganese nitride, 
hLiaNo » and if heated in ammonia it forms another nitride, Mn-iNy It 
also 'combines directly with carbon to fonn manganese carbidej Iv InaC 
It reacts ivith lutrogon at about 1200® Manganese jreadilv-dissohps iriTthiids 
— ■hxdrpddqric_acidjjiitriojipid,,and acetjo aci d — ^forming nianga qous salt s 
wim^STo Solution of hydrog en.g as . Tlio valency of manganese is note 
worthy since it acts as a bi , tor , qtiadn , soxi , and soptivalont element 
Manganese also forms an unusual number of dolinito oxides, more indeed 
than auj' other element 


Sraiiganous oxido, MnO 
Klangnno mnngnnio oxido Mn| 0 | 
Mangnneso Bcaqiiioxido, illn O 3 
Manganese dioxido, AfnOi 
Manganese trioxidc MnOj 
Manganese lioptoxido, Mn.O, 


Basic, forms manganous sails 

Neutral or mixed oxido probnbl> a salt 

Busio, forms mnngnnio salts 

Baste dioxide nnd ocidic 1 forms xnnnganitcs 

Acidic, forms mnngnnntcs 

Acidic, forms permanganates 


Atomic weight — ^Analyses of manganese chloride nnd bromide, 
silver ponnanganato, roasting manganous sulphate to oxide, and reducing 
manganese sulphate to manganese sulphide in a stream of hydrogen sul 
pliido, all show' that the combimng weight of manganese (oxjgcn = 10 ) 
lies between 64*025 and 65*014, the best rcprcscntatix 0 xaluo is taken 
to bo 54 93 Tins agrees with tho estimation of tho atomic weight by 
Dulong and Petit’s rule 

, Relation of manganese to the halogens — ^Manganese does not 
form a family group ivith other olomonts with similar eharactors, ns is 
tho ease with the halogens Manganese, however, is usually olaased with 
tho halogens, but there aro not many common properties between them 
Hie similarity between tho halogens ond manganese xirtunlly begins 
and ends wdth compounds of tho highest oxido, Mn„ 07 , which itself 
IS stnkingly hko Cl^O- Tho oorrospoiidmg aoids are both monobasic, 
powerful oxidissing agents, and form isomorphous salts There is a veiy 
groat contrast between tho lower oxides of chlorbio and manganese, nnd 
between the olomonts ohlormo and manganese Tho relationship between 
ohromium, manganese, and iron is much closer Thus tho isomorplusm 
of tho manganites ond ohromites , tho isomorphism botivccn tlio manganic 
and ferrio alums, oto Tlio metals ohromium, manganese, and iron also 
bn\ 0 many similar properties 

Uses. — ^Manganese dioxido is used os an oxidizmg agent , m tho inanu 
facluro of ohlormo and bromine It is used in deoolonzmg glass stained a 
yolloxvish tinge by the traces of “ fomo sihcato ” present, for tho violet 
colour of manganese silieate masks the eomplemcntaiy yellow tmt of tho 
iron Manganese dioxide is also used as a " dnor ” for pamts and varnishes , 
os a depolarizer in battery cells , colouring pottery bodies nnd glazes , etc 
AVad IS used m the manufacture of paint A orudo mixture of sodium 
monganate and permanganate is made by fusing sodium hydroxide ivith 
P 3 nx)liisite, and sold as a disinfeotant under the name “ Condy’s flmd ” Its 
“ disinfeotmg ” qualities depend upon its oxidizmg properties 

Manganese is used m tho manufooturo of manganese bronze {q v ), and 
also m the mannfaoture of iron and manganese steel Manganese alloyed 
with iron, ferro-manganesc, can be made lay rednomg tho oxides with 
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carbon m an ordinary blast furnace, or in an eleetnc furnace. Ferro- 
manganese IS used for reducing the non oxide formed in the Bessemer’s 
con\^er, and for counteracting the deletenons effects of phosphorus and 
sulphur The resnltmg manganese osidS paS" into tie slag Since ferro- 
manganese contains about 4 or 6 per cent of carbon, it is used for re- 
carbonizmg Bessemer s steeL Manganese steel is particularly hard and 
fcee from air blebs It is used in the manufacture of bni:^r-proof safes, 
dredge pins, shoes and crusher plates for ore mills, etc Cupro-maaganese 
IS an alloy of copper and manganese made by leducmg the oxides of these 
metals in a grapMte cmcible or reTerberatory furnace. F. Heuder’s allo]rs 
(1903) contam copper, alamimnm, ahd manganese (55 * 15 30) They 
are magnetic 

Ma^ehc properties of the metals. — is usual to r^td non, cobalt, 
and mchel as bemg particularly endowed with the magnetic quality, and 
Isiac Xevrton apparently beheved that other bodies were qmte unihffuenced 
by a magnet Faradar and Tyndall, on the other hand, have said that It 
is doubtful if any substance is totally unaffected by a magnet True 
enongb, iroh, cobalt, and mckel form a special group in that the^ acquire 
an enormous magnetization m comparison with other substances deluding 
the three elements just mentioned, there is no sign of any permanent 
magnetization with the other elements, and a feeble magnetic effect 
can b6 mduced only with difficulty The facts are here in agreement 
frith the idea suggested by A. Schuster (1903) . Every physical property 
hitherto discovered for one element has been fonnd to be shared by all the 
others m vamng d^rees TThile cobalt, mckel, iron, and Hensler s alltys 
ate attracted by the poles of a magnet ; graphite, bismuth, and several 
other bodiK ate repelled. M. Faraday (l&io) called the former para- 
magnetic bodies (s-cfia, beside), and tfie latter diamagnetic bodies (2 /b, 
across), because, when a tod of metal is suspended between the poles of a 
magnet, a paramagnetic body sets itself axially along a Ime jomine the two 
poles, and a diamagnetic body sets itself equatorially, i e. fet right angles 
to the Ime joining the poles .ArTangmg the elements m two classes 


Paramapbetic dements 
iJiamagnetic elements 


^ X, O, C^IT, Mn, Fe, Co, Xi, Rh, Pd, O::, tr, Pt 

^ n. 6.. So Pb. P, A,, Sb, 


Eo comectioi^lween the chemical and magnetic qualities of the telements 
harc been det^ed. Elements so much abke as pota^nm and sodium 


power mcreascs With moreaamg atomic weight 


yuesnons 

snb^ces can“l? W the foUowing 

sulphate, chlonne. oxvgen —London Vmv ~™«°ganese dioxide, manganese 

2 Explain the term “ avaOabls o'cvsen” an a 

nate end potassium dichroinate , Ppbed to potassium permanga 

applied to ’ “availahle chl^‘.\c 

^pposrlion that manganeseis aheptadmetaJ 
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Iron, Nickfi,, and Cojjalt 

? I Iron— Occurrence, Preparation, and Properties 

History — Sovcril fAlmlnus sforiei lm\o liri'ii toM clivcnlung how 
motcono iron falling lo the cirth waM wnl fniin lita\rn at ii gift of the 
gods to man Iron nnph in< nts Iiite Ihs ii ^l‘■rtl from palii'-tonc Iiiiiph one 
V’as found during some lilasting oih rations in tin p\ riiitid at (^izi li (Fg\ pt) 
^\hio 1 t IS probnblv r> 00 (l \<arM old In nldtii tiiius, iron un.s minbiilirtd 
bj the spear and shield of Mars — the gixi of War — probablj in alluiuon 
to its use 111 making ui a|ions of uar The ini thmls for extraetiiig and uork 
iiig iron uim pmbibK disc<oer«l latir than those for tojijKr and bronzf 
Iron is frequent U mentioned in Ihns.icnsl \mtings The ])n)ei'esof snu It mg 
iron IS ffltp|)oscd to liaM originated in the l^ust and the Hindoos ncqiiinsl 
coiisidomble skill in the iniiniif-ieture of uToiight iron llio milhod of 
siiulting b\ means of tin blast furnace is s.ii(l to ha\e Iseii iiilrodiicisl 
in Gorman} about I'l'iO, and in tJnat Britain nliout I'itXt (liarcod 
was first usetl ns the rerbicuig agi nt , in llilS J> Diidh \ commi nied using 
coal , and in 171 1 Hirbj u«etl c<»k« C’oki and coal grulualK «lisplnee«l 
the Use of oharcoul Nome charcoal is still U“(d uhc n wood is rhea]), r 
in a few places on the Continent and in \merica 

Occurrence. — Small quantities of metallio iron occur in «ome bisnltic 
rocks An unusual mnss, o\ er 25 t ons has lictn found on the J)i«ko 
Ishnd, Gn cnland Since iron rapidh corrodes w hi n cxiioschI to a humid 
atmosphoro, natno iron is not nt all common XearK all meleoritis 
contain iron associated intli other metals — cliiofl} copix r, cobalt and niekel 
Fi mo oxide, FcjOa, is wndelj distributed in nature ns nd hvcmalite, rc<l on’, 
or specular iron ore Brown ha-mnhlc TOjirestint s n class of h\ drnted oxides 
which maj bo represented bj the general formula re203.wll,0, whore 
V roprosonls the anriablo amount of water in difforeiit \nrieties — hmomtr 
IS generally taken lo bo bCjOj fiHjO, Hint is, re{ 0 H )3 , golhtk, FejOyHjO , 
and bog iron ore whioh occurs m Ireland beloiigs to this class SlagnrUk, 
roaO* IS also called loadstone, and magnetic oxide of iron Stdenfr, 
FeCOj, is a ferrous carbonate Iron pgrtics FeS,, and claleopifnk<t or 
cupnforous pyrites, CuFcS,, are not worked dircctlj for iron on account 
of the difiloulty invohcd in eliminating sulphur from the product Vciy 
few clays, soils, and granito rooks are free from small quantities of iron 
Iron pln3's an important part m the nutrition of higher amninls and plants, 
since this clement seems necessary for thoir health} growth 

Preparation and Properties — Commeroial iron alwaas contains small 
quantities of graphite, iron carbide, iron phosphide, iron «ihcido, iron 
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sulphide, and the corresponding manganese compounds “Electrolytic 
iron” IB made by the electrolysis of a salt of iron— feme sulphate , and 
almost pure iron can be made by reduemg a salt of iron— oxalate, chloride, 
or oxide— m a stream of hydrogen gas at 500“ to 600“ If the reduction be 
earned out at a lovrer temperature, the black powder may become mean- 
descent on exposure to the air— pyrophonc iron Pure iron crystallizes 
m the cubic system. Pig I’ll Iron m a grey, lustrous metal , it melts at 
1500“ and boils at 2950“ If a polished surface of a piece of iron be 
magnified about 150 diameters, a senes of boundary lines betucen the 
crvstal "118113 appear as indicated m Pig 172 The boundaiy lines are 
irregular because the crystals of the mass have been too closely packed 
together to enable them to develop their charactenstic shape For con- 
vemence’i the pure metal is sometimes called ferr ite 

Allotropic forms of iron — ^If the temperate of a coohng bar of 
almost pure iron be recorded every half minute by a recording pyrometer 
the coohng process does not appear to be uniform and continuous, because 


the metal cools doirn to 
about 860° , and then 
becomes ' blotter , the 
coohng IS then resumed 
unbi, at about 750.^ 
the temperature agam 
begins to oscillate 
These temperature 
fluctuations are sup- 
posed to be due to the 




transition of iron from Fjo 171 —Cubic Crystals Fio 172 — Femte 
one allotropic modifica- of Iron 


tion to another Each transition temperature corresponds with a change m 
the mechamcal and physical properties of the iron The sequence of changes 
IS reversed when the cold iron is heated. Iron below 680“ is called a-femte , 
betwee n 750“ and 860% ^-femte , and above 860% y-ferfite. If the iron 
contains some carbon iiT solutibnTboth the transition pomts approach 720“ 
The proximitj’" of these pomts to 720“ depends on the amount of carbon m 
solution A new disturbance then appears m the coolmg curve at about 
660“ There is a marked evolution of heat at this temperature, for the 
red-hot coolmg steel glows more bnghtly than before. This phenomenon'' 
•was called by its discoverer— Barrett (1874) — the recalescence of steeL < 
Some consider ^-femte is a sohd solution of y-f emte in a-femte. 

The action of aads —Iron dissolves m dilute acids , sulphunc acidj 
furnishes ferrous sulphate and hydrogen , and hydrochlonc acid fumishiS 
ferrous chlonde and hydrogen With cold dilute mtne acid, hydrogen ^ 
not evolved but the acid is reduced to ammonia, and this reacts "With th5 
excess of mtnc acid to form ammonium mtrate With hot mtno acid,! 
ferrous mtrate and mtrogen oxides are formed. With concentrated mtnc* 
acid (specific gravity 1 45), the iron does not dissolve The iron m contact* 
mth the concentrated acid appears to have ehanged, for it behavesi 
differently from a piece of the same sample of non which has not been ml 
contact "With concentrated mtnc acid The sample which has not been mf 
contact with the strong acid -mil precipitate copper from copper snlphato! 
solutions, lead from lead mtrate, and silver from silver mtrate , the* 
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')thor sample \vJl not The inert non is said to be in the passive 
iondition Passive iron does not dissolve when ^ppod in dilute nitrio 
Mild Other 'oxidizing agents, chromio acid, hydrogen peroxide, will 
liake iron passive Clienusts are not yet agreed as to the cause of pas 
mvityj the goneial idea is that a thin film of oxide is formed on the metal 
liy contact unth tlie oxidizing agent. The passivity can* be removed by 

i oratohing the smlaco of the iron, by heating it in a reducing gas, by 
trongly rubbing the surface, and by bnngmg the passive iron m contact 
nth zino while immersed in the dilute mtno aoid Other metals also 
ixhibit passivity, e.g cobalt, luokel, chromi um, and bismuth 

The rusting of iron — Wheh commercial iron is exposed to a humid 
atmosphere for a short time, it soon becomes covered inth a reddish 
broivn film which is called riist Iron rust seems to bo an mdofimto mixture 
i\hioh on analysis furmshes numbers which vary acoordmg to the age of 
the rust, etc Rust usually contains ferrous oxide, feme oxido, carbon 
dioxide, and water Analyses show that mat is probably a mixture of 
feme oxide, hydrated ferrous and feme oxides, and, basio_forrous and 
fomoparbonates If the rast has been long exposed to the air, the amount 
of feme oxide is relatively largo, and the amomits of ferrous oxide and 
carbon dioxide small Rusting is a complex process, and workers are by 
no moans agreed on the simple facts Dry iron m dry air docs not mst, 
moisture must be present before mstmg can occur, Some deny, others 
affirm, that the presence of an acid and water are necessary It is exceed 
ingly difficult to free water and the surface of glass from carbon dioxide , 
and sThcio acid can bo dissolved from the glass vessels used and from 
particles of slag m the iron However, where careful attention has been 
taken to olinunate the disturbmg factors, the evidence seems m faAOur 
of the conclusion that the presence of an acid is necessary for mstmg , 
that an acid is ahvays present when the iron dissolves , and it is highly 
probable that pure non does not undergo appreciable oxidation when 
exposed to pure water and to pure oxygon lilms of moisture frequently 
condense on the surface of iron oxpos^ to the air, and the moisture holds 
carbomo acid and oxygen m solution The meohamsm of the “ atmo 
ipheno rusting” of iron may then proceed acoordmg to the foUowang 
|ohomo An acid ferrous carbonate, Fe(HC03)_, , or a basic carbonate, 
j?e(OH)(HCO,), 18 first formed The ferrous earbonate in contact with 
g^gen 18 oxidized to basic feme carbonate, Ee(0H)2(HC03) , or to 
Ih{0H)(HC03)j , or both The basic feme carbonate is then hydrolysed 
by the water fompng feme hydroxide, Fe(OH)3 , and the feme hydroxide 
|s subsequently more or leas dehydrated, fonmng feme oxide Feme 
oxide IS more or less hygroscopic, so that once mstmg has started, at any 
Ipomt, subsequent corrosion is quicker because the feme oxide helps to 
keep the surface of the iron adjacent to the mst spot moist Several other 
hypotheses have been suggested, and the subject is still suh jvdic^ 

Atomic weight — ^The combinmg weight of iron determined by the 
analysis of the chloride, bromide, and iodide, and the synthesis of the 
oxide furnish numbers between 66 84 and 6G 23 (oxygen = IG) , and 
55 85 IS taken to be the best representative a alue This agrees inth the 
atomic weight deduced from the vapour density of the volatile com- 
pounds of iron , and by Dnlong and Petit’s method of approximation — 
specific heat of iron, 0 IIG 



§ 2 The Manufacture and Properties of Pig Iron. 

The blast fnmace for iron is the most efficient metallurgical instrument that 
exists — AV 3M Johssox (1914) 

The oxides and carbonates arc the sources of commercial iron These 
ores frequently contam a certam amount of clay, and the ores are then 
termed day nonstone The so-callcd blaci band ironstone is a ferrous car- 
bonate contaminated with clay, and black coaly matters The claj j , 
ironstones are usuall3' calcined or roasted bj’’ stacking the oro witli a small! 
quantity of fuel in heaps, in stalls, or m ‘‘ballon kilns In the former case, I 
combustion is started at one point and allowed to proceed throughout! 
the whole mass Tlxe temperature of the smouldering mass is sufficient* 



Fig 173 —Blast Furnace (Diagrammatic) 


to ^To off most of the moisture, and carbon dioxido, and bum the orcanic, 
^tter and some of the sujphur and arsenic The ferrous oxide Jaho 
oxidized to feme oxide This prorents the early formation of n. 
slag which would attack the Iming of tho furnace Pemc oxide does not 
form a slag at so low a temperature as ferrous oxide At the same time 
the ore is made ^mewhat porous, and this facnitates its reSon to 
metaUic iron at a later stage of the process 

the .0 the me«h/^SS. If 
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from earthy admixtures by forming a slag wluch is fusible at the tempera- 
ture of the furnace The molten iron and slag aro disohargcd at the 
bottom of the furnace, and the gases pass away at the top 

The blast furnace — ^The smeltinc, ns just indicated, is conducted in n tall 
cylindrical fnrn&co — saj 80 feet high — ond shaped npproMmntoly as indicated 
m the seotion, Fig 173 The dimensions and constructional details of blast 
furnaces vary somewhat in diiferont localities The furnace now being described 
has an outer shell mode of iron plates riveted together Inside this is a cosing 
of ordinary bnok work, and inside this a Iming of firobneks — 1-J feet thick The 
parts which are subjected to the greatest heat are budt indoTOndentlj so as to 
facilitate rraairs Iho greatest intemol width is 20 foot This part is called 
the hoah The month of the furnace is closed bj a single ustinll> double cup 
and^coiie feeder, C The materials for charging the furnace are com oj cd m trucks 
to the charging gallery, D, at the top of the furnace, and there tipped into the cup 
of the feeder When the cup is dllod, the cone is depressed, and the charge auto 
matically distributed m the interior of the furnace The waste gases pass nwnv 
Hid the outlet at the throat of the furnace The furnace narrows below tno boshes 
ond at the hearth the diameter is 8 feet Molten iron and slag collect on the 
hearth, and outlets are hero provided one A for tappmg the slag, and another 21, 
for tappmg the iron Between 0 and 8 foot from the base of the furnace si\ 
openings, T are provided for the insertion of water cooleil nozzles — tuyeres— 
through whioh a blnst.of hot air is forced into the furnace i, > < f t 1,1 t i' 0^ 

The hot gases Irom the top of the furnace are led down A fliio — iho down-comer 
— mto a chamber — the dust-catcher The gases pons from tlio dust catcher along 
an underground flue, FF to a tower — Coicpcr’s stove — packed clioekerwiso with 
fire bncks The duo gas is burnt in the combustion ohninbor of the stove and 
' the products of combustion pass on to the chimnov The socondarv nir required 
for the combustion of this gns enters through the ports, IT' The burning gas 
raises the temperature of the checker bnck work When the t«inpcraturo*of tlio 
stove IS hot enough the gases from the blast fumoco are deflected and burnt m nn 
adjoming similar tower , meanwhile the gns and air valves — U T IV — in tlio hot 
tower ore closed , and another set of v nlv os — M N — connecting the tuj ores with 
the blowing machine are opened The cold air passing through the hot checker 
, work of the Cowper s stove on its waj to the tujorcs is hontod When the tower 
' has been cooled suQlciontly the adjoining stov e is hot The gits from the blast 
I furnace is again burned in the cooled tower and the blast is sent through the hot 
^ tower Thus the towers are altomatcI> heated by the combustion of the gas from 
t the blast furnace, and cooled by the cold nir from the blow mg machine In 
this way the blast of air is heated 

The reactions in the blast furnace dunng smeltuig — ^Tlio 
chemical changes which take place in the blast fnmocc during the smelting 
of iron ore are somewhat complex Hence the following sketch must bo 
regarded os a simplified doscnption 

1 The ore — ^Tho ore, mixed wntli coke and limestone, is exposed, m 
the upper part of the furnace, to the action of reducing gases, principally 
carbon monoxide, asoondmg from the lower part of the furnace The 
action oommenoes between 200° and 600°, that is, as soon as the' charge 
has commenced its downward descent EojOg + SCO ^ 2Fo -f SCOo , 
and reduction contmues wnth mcrcosing velocity os the charge descends 
into the hotter part of the furnace Most of the oxide is reduced before it 
has descended 10 feet below the levd of the charge , any oxide wluch has 
escaped reduction will then bo reduced by the carbon EojOg 4-30 = 
SCO 4- ZFo The hot spongy iron meets the ascending carbon monoxide, 
and decomposes part 2C0 = COj -f- C The sohd carbon is deposited 
amidst the spongy iron The iron undergoes httle change until it 
reaches the zone of fusion The iron, however, absorbs or dissolves 
much carbon as it passes down the furnace Thd meltmg point of a 
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mixtinre of iron and carbon is lower than that of pure iron, so that 
while the temperature of the blast fomace would not be sufficient to melt 
pure iron to the necessary fluid condition, the temperature required for 
iron with carbon in solution is easily maintained Tlie molten iron trickles 
down and collects in the well of the furnace below the tuj^ercs The iron 
takes up many other elements in addition to carbon during its descent 
in the furnace Thus, silicon, sulphur, phosphorus, and manganese are 
partly absorbed by the iron, and partly by the slag 

2 The ascenffing gases — ^The o-rygen of the hot air blast bums the 
carbon of the hot coke C -{- Oj = COj , and the carbon dioxide is at 
once reduced by the hot carbon " CO^ + C = 2CO The ascehding gases 
warm up the descending charge Mmen the temperature reaches about 
600°, the limestone begms to decompose CaCOg = COg -}- CaO Most of 
the carbon dioxide thus formed is at once reduced by tlhe excess of carbon 
to carbon monoxide At this stage, the reduction of the iron oxide to 
spongy metaUic iron is practically complete An excess of carbon monoxide 
IS needed for the reduction because the reaction, FCjO, -j- SCO ^ SCO,, + 
2Ee, 18 reversible, and a condition of equilibrium would be attained ivhen 
only a certam proportion of the feme oxide is reduced An excess of 
carbon monoxide favours a more complete reduction of the feme oxide 
There are quite a number of concurrent reactions taking place at the 
same time If any water is present in the blast, it will be leduccd . 
HoO + C == CO + Hj , and the mtrogen of the an, biought in inth the 
gas, forms a httic cyanogen The net result is a combustible gas, contain- 
ing approximately 


CO 
25 3 


CO, 
10 6 


N 

681 


H 

43 


Hydrocarbons 
1 G por cent 


Tlio combustible gas is utilized for heating the blast and if there bo 
any surplus, it is used for heating the boilers which niii the blowing engine 
for calcining the ore, and for general heating purposes If coal bo used 
in pla<» of coke, tar, etc , separate from the gas at the base of the down- 
comer by the process described under coal gas 

L ™ furnace has descended about 

nf ™ J ’ 18 about 600°, it has formed a mixture 

Of spongy iron, earthy gangue, coke, and limestone or quicklime Little 
fu^er change occurs until the temperatuic is hot enough to melt tho 
At tbs temperatare. a fus.b!o slag „ formed S.£.mg appl®! 
mateljj^_ ppr.cent. SiOj, 30 per cent CaO, and 16 per cent A1 O ^ ^ TbA 

ron The slag is draivn from tho furnace at mtervals and when nnni 
fro^the *6 ^ on the slag heap The slag is derived from the ash of the fuel 

thenSofaeslJr^omIt^%JJ“fb*”dTnSto?teS’'’'^“ 

Soi^vaneties of slag are made into cement^ ^ purposes 

well the 
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into sand moulds, or into “ chilled moulds,” and allowed to solidif3' Tlio 
iron 18 then called pig iron The “ pigs ” of iron arc about 3 feet long. 
Olid 3 or 4 inches thick In some eases the molten metal is run dircctlj 
into a mixer, or into Be*scmcr’8 oomerter and made into steel Ore, 
flux, and coke, enter the furnace , molten iron, molten slag, and gaseous 
JSfbduets lc4ivo the furnace Erosh charges of ore, coke, and flu\, are orldcd 
in definite proportions at regular intervals, and the smelting of tho ore 
thus continues without interruption for months or 5 oars 

Tlie pig non is classed according to its qualit-v Ordinarj pig iron 
contains from 1 6 to 4 6 per cent of carbon Higher proportions are 
sometimes present 111100 the raw materials contain much manganese or 
chromium Tho carbon of pig iron occurs in at least two difToront states 
— free and^combined Combined carbon is either in solution, or present 
as a definite chemical compound see ‘ Steel ” Tlio mode in which tho 
carbon is associated with the iron has a marked effect on its properties 
Tho free carbon, interspersed ns graphite through tho pig iron, is well show n 
on tho fractured surface of a broken pig |^If pig iron bo digested with 
hydroohlono acid, tho graphite remains behind ns an insoluble black 
powder, but the combined carbon unites with tho hydrogen forming 
various hjdrooarbons which colour the solution aollowish brown, and 
give tho cscapmg gas a ohamctonstic unpleasant smell Tho gao is also 
contaminated wth hydrogen sulphide, sihoide and phosphide derived 
from tho impuntics — ^iron sulphide, sihcido, and phosphide — ^in tho iron 
Tho classification of pig iron is based on tho relation of free to combined 
carbon If much of the carbon bo “ free,” tho iron is called grey pig iron , 
and if much combined carbon bo present, white pig iron , intcrmcdiato 
vanoties are called mottled pig iron Tho grc> and mottled v ancties arc 
further subdivudcd Pig irons too arc often graded according to their 
source because certain districts work a spcciall} pure or a specially foul 
ore, and tlus gives tho iron from these distnets chamctcnsfio properties 
The following aiialjscs will illustrate the difTcronce between tho three 
varieties of pig iron 

Grey t ottled 1\ bite 

Combined carbon (C C ) 0 BO 1 80 T 00 per cent 

Freo enrbon (Gr ) 2 8 I 40 0 10 per cent 

Tho pig iron also contams silicon, sulphur, phosphonis, and manganese 
Cast or pig iron is not malleablo, noi can it bo wolded It is used for 
casting articles — ^liko stoves and ornamontal iron — which arc not likely 
to bo subjected to shocks Cast iron is tho starting point for tho manu- 
facturo of wrought iron and stool 

§ 3 The Manufacture and Properties of Wrought Iron 

Wrought iron is mado by mcltmg pig iron with *' scrap ” iron on tho bed 
of a reverberatory fniuaco. Fig 174, hnod with iron oro (FogO,) Tho rev er- 
boratory fumaco — licro called a pvddhng Jrimacc — ^was first used for iron 
by T and G Cranage in 1776, and more sucocssfullj by H Cort m 1784, 
although similar furnaces had been used by copper smelters for some time 
Rogers, m 1816, improved the furnace by introduOmg a bed of iron oxide in 
place of siliceous matters previously used. Part of the carbon, sihooii, 
sulphur, and phosphorus of the cast non are oxidized by tho furnace limng. 
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174 — Puddhnc Famaco 
(Oiagrammotic) 


and the metal melts to a flmd mass on the bed of the furnace 
The puddler then thoroughly mixes the charge so as to brmg the molten 
metal mto mtimate contact mth the iron oxide of the furnace bed The 
puddler irorks the iron through an openmg m the side of the furnace The 
sulphur, phosphorus, and silicon are partly oxidized Jets of flame soon 
appear on the surface of the molten metal — “puddler’s candles ” {jlmdslqge) 
9^e carbon is oxidized to carbon monoxide 'irhich bums to carb^ dioxide 
The other impurities are also partly oxidized, and form a slag vnith the Immg 
of the fumaoe4fim7iap-a/<iflf£) The iron then becomes “ pastj' ” because 
punfied iron melts at a higher temperature than the less pure iron The 
molten mass is stirred, puddled, and finally gathered mto lai^e “ balls ’ or 
“ blooms,” each ball about 80 lbs m 'vreight [balhng stage) The balls are 
removed from the furnace, and 
squeezed nearly free from slag by 
"vrorkmg under a steam hammer 
The iron is then rolled mto sheets 
so as to give the finished product a 
fibrous structure. 

. ' While cast iron melts at about 
1200°, wTought iron melts at about 
1550° Wrought iron softens at 
about 1000°, and it can then be 
forged and welded Wrought iron is 

tough and malleable, and fibrous m' structure , cast iron is buttle and it 
has a crystalhne structure Wrdught iron can bo rofled mto plates and 
draivn mto wire It is made mto wire, nails, chains, anchors, horeedioos, 
^cidtural implements, etc It is not used so much as formerlv, because. 
It has been largely replaced by steel Wlien heated red hot and'quenched! 
m cold ^ter, wrought iron does not harden, steel under the same^ 
treatment becomes veiy hard. 

§ 4 The Manufacture of Steel-Crucible and Cementafaon Processes, 

The amount of carbon m steel is usually intermediate between that m 
c^t iron andm wrought non Rteelis made by decarbomzSSirof S 

r 

basic processes and (5) Siemens and Martin’s acid or Sc pmciSes 

days at about lOOO^S W aM teS^T 8 to 11 

of carbon to be mcorporated with the^MTomrlif^'^^^”*^ amount 

removed from the cold l 

term Utsfer steel The bars are brokL 

the quahty from the appearance of fractured 

steel IS then heated, and hammered mto bars. a ^^^red 

class tool steel called shear sled Tim nni-n- i product is a high- 

steel The only change m composition ivMch 
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ojin occur d\inng tlio ooinonfaition i8 duo to carbon, and koiuo of lljo pun st 
steels III oomuiorco arc made by this procasa Ubstor slocl ik also inoltod 
in crucibles and cast into ingots for high gratlo cast steels. The coinonta 
tion process is being gradually displaced b\ ohcajK-r processes 

During cementation, solid carbon slowK diffuses into the iron Pro 
bablj at the high temperature, gaseous carbon compoundH pla\ some part 
in the action Ma^bo carbon monoxide is formetl and ocoluded by the 
iron The carbon monoxide is then decomposed 2CO = CO™ C The 
carbon dioxide escapes into the 1k>x of chartoal and there forms more 
carbon monoxide Tins is again occludtxl by the iron, and the cvchc 
action CO-> COa-»CO”> is repeat c<l mdeliiuteh Possibly also 
some ojanogoii compounds take part in the action 

The crucible process for cast steel — Ban. of wought iron an* melted 
inth a definite amount of carbon in lirtclaj crucibles Tlio iron slowh 
changes into steel In absorbing carbon Tlio timr niqiim’d is about four 
liouiN IXporienco has taught the nieltor how much charcoal is needed 
to bniig the metal iiji to the requind carbon content Tlio success of the 
o|)erat ion depends upon the skill in theselectioii of the iron , in the adjust- 
ment of the charge , and on careful molting Cniciblo steel is nsnalh a 
high grade tool steel iisctl for rarors, files, etc A h ss pure product is made 
by heating a mixture of wToiighl iron with the ncctsiiarj' amount of csst 
iron High grade crucible steel is more expensne than Bct>i-tmcr or o|Kn 
hearth steel llio term “ cast steel ” was uriginallj risen cd for cnioiblo 
sttcl, but the cognomen is sometimes applied b^ xondors to steels mode bj 
clicapor processes. 

> bpccial steels of the s( If hardening ti()o arc usualK iiiado b\ the 
crucible process, In allojing steel with sninll quantitiis of other metals, 
these impart hardinss toughness, and strength In districts where 
electno power is cluap, electno fnmaces arc coming into um: for the manu 
facturc of steel Electric furnaces ma> not Micceed in ousting the Bes-somer 
and open hearth processes , but thoj promise to plaj an important jiirt 
111 the futuro of the Miel industiy , and possibly ma> displace soinc of the 
older processes of making special steels 

§ 5 The Manufacture of Steel — Bessemer’s Process 
f” In 1852, Kellj patented a jiroccss for punfi ing pig iron, based on tha 
'fact that if air be forced through n mass of iiioltcii pig iron, iii a suitable 
Kcssel, the impurities which proient the pig iron being ductile and ninlleablc 
mre remolded, and a bath of molten metal, \ irtuall^ irroiight iron, is obtained 
in 1850 H Bessemer jiatcnted a com erf cr BUitablc for the process Besse 
mer aftenrards bought Kcll> s patents The metal ui the comorter can liC 
mixed with a known amount of spiigeleisen — i r a ferro manganese con- 
taining a known amount of carbon 'llic steel m iiitn at a suniciciitly 
high temperature to jicrmit of its being ea.st into moulds Bv this w ondirful 
process, m half an hour's lime, 10 tons of steel can bo prepared at but a Fiiiall 
fraction of the cost of iimnufactiiro bi the processes which precede This 
method of making steel has iirtiialK rciohil ionized the art 

In Bessemer’s process about 10 tons of molten pig iron are run into a 
laigo egg shaped icsscl, called the converter The comerter can bo tilled 
into anj required position It is pros ided with holes at the bottom through 
which a jiowcrful blast of air can bo blown The comerter is made of 
wrought-iron plates, and Imcd with a bed made of silica and claj A general 
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idea of the structure of a converter can bo gathered from Eig 146, wluoh 
ehoire part of the inside and part of the outside Molten pig i® 
mto the converter, and a powerful blast of air m fine jets is 
the mass of molten metal The temperature nses o^mg ^ ^ 
evolved by the oxidation and combustion of the impunties— the carbon, 
sulphur, and manganese Tlie carbon forms caibon monoxide which bums 
at the mouth of the converter The flame is accompamed by a briUiant 
shower of sparks The other oxides form a slag with the furnace luung 
Expenence and the appeaiance of the flame tells the operator when to 
stop the blast The right amount of spiegeleiscn is then added to make a 
metal of defimto composition The blast is again turned on for a moment, 
and the metal is then oast into moulds to form blocks of Bessemer’s steel 
Thomas and Gilchrist’s basic process —The sulphur and pho^horus 
are not removed by Bessemer’s process just mdicated. In 1878 S G Thomas 
and P C Gilchrist showed that, if the convertor bo hned intli, say, 
dolomite (basic Immg), and some lime bo added to the charge of pig 
from arid, the blast contmuod a little longer, the oxides of phosphorus, 
sulphur, and sihcon formed are absorbed by the furnace Immg TIic 
operation is otherwise conducted as before The Immg, after use, is called 1 
Thomas' slag, and it is used as a fertihzcr on account of tho phosiihorus 
it contains If tho hnmg is sihceous, the operation is called tho aad^ 
Bessemer's process , and 5 tho Immg be dolomite, the basic Bessemer's^ 
process 


§ 6 The Manufacture of Steel— Siemens and Martin’s Open Hearth 

Process 

E Martin (1804) made steel by fusing pg iron admixed wth uTOUght 
iron scrap in an open sand basm , and W Siemens (1863) by tioatmg pig iron 
and pure hsematitc ore m a similar manner 
The idea thus ongmated with the latter, 
though the process is usually called tho 
“ Siemens - Martm ” process, or the ojicn 
hearth process. In this process, tho furnace 
18 charged with a mixture of pig iron, scrap 
(wrought) iron, and good haematite ore free 
from carbeS The mixture is molted m a 
shallow rectangular trough or hearth Tho 
furnace is heated by pr^ucer gas. Both 
the gas and the secondary air for tho com- 
bustion of the gas are pre-heated so that a very lugh temperature can 
be obtamed A general idea of the process can bo gathered from 
Fig 175, which shoe's a section through the hearth Tho air port is not 
shown m the diagram The gas and air burn on the left, the fluo gases 
travel doivn tho flue on the nght, and m domg so heat up Wo cliambers 
below Tho direction of the burrang gas is then reversed Gas and an: 
pass separately through tho hot chambers, and tho fluo gases heat up 
another pair of chambers below tho hearth Tho dneotion travelled by 
the burmng gas is rovoi-scd about every half houi, and tho heat of tho flue 
gases IS utilized m ivaimmg up chambers through uhich the unbumt gas 
and an wU pass lator on Tho fumaco is called Siemois' regencreUtie 



Fig 176 — Hearth of ' Siomons- ► 
Martin’s Process (Diograminatic) 
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furnace Wlion n tost shows that tho motal oontains tho nght amount 
of carbon, forro manganese is added as in the case of Bessemer’s steel 
If tho bod of tho furnace is mode of siliceous materials — acid process — ^tho 
proportion of carbon, silicon, and manganese are reduced duruig tho treat- 
ment, but tho amounts of sulphur and phosphorus remain fairly constant 
In tho baste process, tho furnace i8*bcddod with, say, dolomite, and there is 
a steady fall in tho amount of phosphorus and sulphur dunng tho troat- 
mont, ]ust os was tho case ivith tho basic Bessemer’s process of Thomas 
and Gilchrist 


§ 7 The Constitution and Properties of Steel 


It inaj bo said m a rough kmd of way that steel is intermediate between 
coat and wrought iron so far ns tho proportion of carbon is concerned. 
Thus, 

Steel 


Pig iron Hard Medium 
Carbon (per cent ) 3 0 0 0 0-1 


Wrought iron 
0 06 


but some of iho so called carbonless steels contam less carbon than wrought- 
iron, and there arc no hard and fast boundary Imcs Indeed, it docs not 

seem i>ossiblo to dcRnc steel satisfac- 



torily without rcfcrcnco to its mode of 
manufnoturc Iron at about 1240° can 
dissolve 5 per cent of carbon, tho amount 
dissolved inorcascs with tho tompomturo. 
A sample of iron of 90 98 per cent 
punty melted at about 1000°, and the 
freezmg point of iron is lowered by the 
presence of carbon m tho same way that 
the freozmg pomt of water is lowered 
by salt (Pig 65) Tho freezmg pomt 
cur^a for solutions of carbon in iron is 


shown m Pig 170 If n molten saturated solution of carbon in iron bo 
slowly cooled, the excess of carbon separates as graphite, and tho still 
molten mother liqmd becomes poorer m carbon , ns tho temperaturo falls, 
graplute contmues sopamtmg ns illustrated by tho curve BO, Pig 170 
When the mother liqmd has 4 3 per cent of earbon in solution, it solidificB 
en masse at 1130°, correspondmg with the pomt 0 Tlio mmturo contauung 
4 3 per cent of carbon is tho most fusiblo mixture of carbon and iron — tho 
cuteotio nuxturo, and 1130° is the cuteotic temperature If tho coolmg 
flmd contams loss than 4 3 per cent of carbon, n solid solution of about 
2 per cent of carbon commences to separate, and contmues soparatmg as 
the solution cools untd tho remammg flmd has tho eutectic composition, 
which sohdiflcs ere masse at 1130° Remember that iron above 860° is in 
the y condition , and between 800° and 760° m tlio p condition Tho sohd 
solution of carbon m y femto above 860° is called austemte — after W C 
Roberts Austen , and tho sohd solution of carbon m p femte, martensite- 
after A Martens o femto does not appear to form a sohd solution of earbon 
m tho same way as do p and y fomte 

J 0 Arnold calls a sohd solution of iron with 0 89 per cent of earbon, 
harderute. Hardemte has a constant composition 0 89 per cent carbon 
This may correspond with a defimte carbide of iron, Pej^C, or possibly wnth 
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n solution of iron carbide, Ee.jC, m iron Eo,C + 21Fo In any case, if 
hardonite bo cooled, slowly, it decomposes ]UBt below 700° into a mixture of 
ferrite (iron) and cementite There is a maiked evolution of heat during the 
decomposition of the hardonite This corresponds with the reoalescenco 
of coohng steel ]ust below 700° Cementite is an iron carbide, FojC, or 
a sohd solution contammg Fe^C with traces of sovoral otlior carbides 
The mixture of oomentito and femte forms alternate layers of different 
degrees of hardness When the surface of the metal is pohshod the harder 
parts stand out m rohef Tina gives the surface an appearance re 
sembhng mother-of-pearl Hence the mixture has been called “the 
pearly constituent of steel,” or simply peaxlite The alternate layers, 
ondei the microscope, have the appearance shown in Fig 177 If the 
Bobd solution — hardemto — ^be cooled so qmckly that the dteomposition 
products of the hardemte have not time to segregate into alternate layers, 
but produce a more or less ill- 
defined mixture of cementite 
and femte, the mixture is 
called sorbite — after H, 0 
Sorby With slowly cooled 
steels the pearhtic structure 
IS well developed , and with 
more qmckly cooled steels, 
the sorbitio structure pre- 
vails. If the iron has le ‘?3 
than 0 89 pei cent of caibon, 
femte separates from the 
cooling solid solution until a 
mixture of femte embedded 
in a matrix of hardemte 
With 0 89 per cent of carbon 
romams , the hardemte then 
dissociates as indicated 
above Similarly, if the solu- 
tion has more than 0 89 per 
cent, of carbon, cementite 
separates imtil a matrix of cementite imbedded m hardemte with 0 80 

it; Will D6 TlOtlCOdl ijllCkt; TJCftrlltO QJld x. » i 

sudden quenching may completelv^alter followed by 

also the properties of the metal ^le^SrdLess orsSthu?!^?^^^^ 

Its composition and its histoiy— the wav thn LZST t 
on its subsequent heat treatinent. A troioal cooled, and 

cbnt of carbon when heated tea hrnh^mlSSf^ contaimng nearly 1 per 
becomes so hard that it will scratch suddenly chiUed, 

very without b«*„g Tb„ ‘Se 
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hardonito of hardened stool is preserved more or loss imdeeomposed when 
the steel is suddenly oliilled — Alienee the term “ hardenito ” If the hardened 
steel he reheated to its original high temperature and slowly cooled — 
“ letting down,” or annealing ste el— it becomes soft and ductile. By re 
heatmg hardened steel to certam defimte temperatures — ^ 200 “ and upwards 
— and then coohng under definite conditions, steels can bo obtained of 
varying, yet definite, degrees of hardness and duetihty This has been 
traced to changes m the constitution of the metal The process of 
re-heatmg a hardened steel to a temperature far short of that employed 
when the steel was hardened is called tempering, s teel 

§ 8 Iron, Nickel, and Cobalt Monoxides 

Ferrous oxide, FeO — ^Ferrous oxide is formed as a crystalhne, black, 
magnetic substance when carbon dioxide is reduced by hot metaUie iron 
Ferrous oxide appears to bo an mtermediato stage in the reduction of ferric 
oxide by hydrogen or carbon monoxide, and hence the product is hkel} 
to be contaminated with either the higher unreduced oxide, or with metafile 
iron Ferrous oxide is also formed when ferrous oxalate is heated out of 
contact with the air \’nien exposed to the air, ferrous oxide is oxidized 
to feme oxide, Fe^Og ^Vhlto ferrous hydroxide, Fo(OH) 2 , is precipitated 
when an alkaline hydroxide or ammoma is added to a solution of a ferrous 
salt, provided air be entirely absent , but if tbe solutions have dissolved 
aw, the precipitate ivdl have a greenish colour The white precipitate 
rapidly absorbs oxygen, and passes into feme hydroxide, Fe(OH)j. 
Ferrou 8 .,hydroxidq.and omde^di^olvos in acids, formmg ferro us salts . 

Cob^toiis liydroxide7 "t!o( 0 H) 2 . — A basic cobaltous chloride, 
Co(OH)Cl, IS formed as a blue precipitate when potassium hydroxide is 
added to a solution of a cobaltous chlonde The basic salt, on boihng, 
IS converted mto rose red cobalt hydroxide, Co(OH )2 This turns broivn 
on exposure to the air owing to the absorption of oxygen T^ hydroxide 
dissolves m hot concentrated potassium hydroxide, but it crystallizes 
from the solution on coo^g Cobaltous hydroxide thus shows feeble 
acidic properties The hydroxide dissolves m ammonia , formmg “ cobalt- 
ammine ” compounds (g v ) The ammomaoi^ solution rapidly absorbs 
oxygen from the air If cobalt hydroiade,j)arbpnate, or mteato_^stronglv 
hoa^ m the absence of au-jliobalfoW oxide7 CoO, i8_7ormed m a_dark 
brown powder OAis oxide is stable m air, but when heated, it absorbs 
oxygon, and forms an oxide corresponding inth cobalto cobaltic oxide, 
CIO 3 O 4 "When heated m hydrogen or carbon dioxide, the cobalt oxides 
are r^uced to metallic cobalt %Both the oxide and the hydroxide dissolve 
m acids forming cobaltous salts ^ '' - 

Nidrelous oxide, NiO — When potassium hydroxide is added to a solu- 
tion of a nickel salt, a pale green precipitate of mckelous hydroxide, 
Ni(OH) 2 — approximately' 4 Ni(OH )3 ^0 separates. Unyi.o ferrous _and 
cobaltous hydroxides, this precipitate does not oxidize on exposiir^to the 
air It dissolves in ammonia and ammonium salts fonmng ammines, 
and, unlike the corresponding cobaltous compound, the solution does not 
absorb oxygen from the air If the hydroxide or carbonate of nickel bo 
heated out of contact with air, a greenish powder of mckel oxide, NiO, is 
formed Tins oxide when heated in air forms mekel scsquioxide, N 12 O 3 
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Both the oxide and hydroxide dissolve in acids, forming mckelous 
salts. 


§ 9 Iron, Cobalt, and Nickel Sesquioxides 

A voluminous reddish-brown precipitate of ferric hydroxide, Ee(OH),, 
IS formed when ammoma is added to a solution of a feme salt As in the 
case of alunmuum hydroxide, Al(OH)3, there is some doubt whether a real 
hydroxide is formed. Several hydrated hydroxides are said to have been 
obtamed by diymg tlie precipitate at different temperatures, or by pre- 
cipitating the hydroxide under special conditions Some of the hydrates 
occur m nature For instance, Itmomte has a composition corresponding 
very nearly with 2Fe203 3H20, gothUc, FeO{OH) or FeoOjH^O, iso- 
morphous with diasporo and manganite For “ dialyzed iron,” that is, a 
hydrosol of iron oxide, see p 264 Feme hydroxide is a veiy weak base, and 
the feme salts are hydrolyzed in aqueous solution Tlie feme oxide FcjO, 
occurs m nature as specular iron ora, which orystaUizes m lustrous black 
crystals belongmg to the hexagonal system , and in reddish masses of 
hasmatite isomorphous vuth corundum Feme oxide is a roddish-biown 
powder formed vhen ferrous sulphate, or carbonate, oi hydroxide, or many 
orgamc salts of i ron are c al om^ in aw It is stable at a red hoafCBut at 
tom^ratufe above about lObO® it decomposes into Fe^O^ The pondered 
feme oxide formed as ]ust described, is used as jeweller’s polishing pondbr 
— -rougo— and as a pigment. The particular tint of the pigment depends 
upon the temperature of calcmation, which, in turn, appears to detenmno 
tho size of the grams of the feme oxide Both feme oxide and thoi 
hydro ^o are basic, and give nse to ferric saltrvniSn Tj ca iica 'ii ^th 'n ci as j 
borne OI tne •native' oxides, and the omde which has been licated to a lueh 
tomxieraturo, issolve m acids but sloiyly ° 

Nickelic oxide, Ni^Og -This oxide is formed as a black powder when 
“Of « 18 Jg at^ low temperature Nirkelm 

hydroxide, Ni(OH) 3, IS precipitated when chlonne is pid^rough wSc? 
or alkahne hydroxide in which rackelic oxide is suspended, and also 
when a nickel salt is treated n ith a solution of bleachmg powder ') Nickehc 
We and hydromde do not appear to be basic oxides, for wh4 treated 

offmvalent are obtaim^ 

= 4NiSO + n + CIo , and 2N12O3 4HoSO, 

4jNit>U4 + 40^0 + O3. Hence mckehc oxide is a basic neroxidnlil-o 
manganese dioxide When mckehc oxide reacts with ^ 

cobalto,, L, » i 

the hydroxide dissolve m acidr?orm,n» - 1 , “■“dl 

Mstobi. cobdfao site, aSriite 

jobolto,, ,.Ife and o^^ror .2 
tahave, aa a foobi, baSonda and asl 

manganese dioxide poroxiao like mckehc oxide andi 
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§ 10 The Higher Oxides of Iron, Cobalt, and Nickel 

Ferrosofemc oxide, Fe304 — ^Magnetic oxide of iron occurs free in 
nature in black octahedral oiystals ivhich are magnetic It is tlio 
most stable oxide, and is formed when iron or iron oxides are heated m 
air or oxygon Aceordmg to Moissan, there are two modiiioations of 
ferxosofeme oxide the one is formed by hcatmg feme oxide from 360 ® 
to 400 ° m a current of hydrogen or carbon monoxide, and the other by 
3 reactions at a high temperature, e.g the combustion of iron m oxygen 
sThe former is attacked by nitno acid, and has a specific gravity of 4 86 $ 
|tho latter is not attacked by the same acid, and has a specific gravity 
|5 0 to 6 1 The phenomenon is thus analogous with the general effect 
Tof high temperatures on oxides like alumma, chromic oxide, ferno oxide, 
^ etc Eerrosoforno oxide is not a basic oxide since it forms a mixtnro or 
Ifomo and ferrous salts when treated with acids. It is probably a “ com* 
{ pound ” oxide, analogous with mangano mangamc oxide, and red 

I lead, PbjPi The rdations of the iron oxides thus fai considered iviU 
1 appear from the graphic formulic 


Eo =0 


0 <: 


Fc=0 


"Fo =0 
Forrons oxide Feiiio oxide 


Fo=0 
^o<0— Fe=0 
Feirosofemo oxide 


Ca<, 


0— Fe=0 


0 — ^Fo=0 
Calcium femte 


According to this h3rpothesis, ferrosofemc oxide is a ferrous femte, 
Fc(Fe02)2 Several other femtes are known corresponding ivith the 
unknown* ferrous acid HFeOj. ^Thus calaum femte, Ca(Fe02)2> that is, 
CaO FCjOj, IS made by precipitating a neutral solution of feme chlondo 
with lime water Copper and cobalt ferrates, like ferrous femte, ore strongly 
magnetic^ 

Cobalto-cobaltic oxide, C03O4, is formed m a similar way to ferroso- 
femo oxide, and it has probably the same constitution Qliere is some 
doubt about the existence of the correspondmg mokel compound, although 
it IS reported to have been formed when moist oxygen is passed over nickel 
ohlonde heated to about 400 ° 

Peroxides — Two probably isomeno mokel dioxides have been reported 
— a black dioxid e is ma de b y the action of bromme, or hypochlontes_or 
hy^bfomites on mokoloiu hj^romde , and a green one by the aotion_of 
hydrogen 'peroxide on ni^elousjohlonde m the cold, followed by treatment 
with alcoholic potash The former appears to be a dioxide or polyoxlde, 
and the latter a peroxide or superoxide If nickel oxide be heated with 
banum carbonate m an electric furnace, a dark coloured crystallme moss of 
banum nickehte, BaO 2N1O2, is formed Banum mokehte is decomposed 
by water ^If cobalt hydroxide be suspended m water, and then treated 
with hydrogen peroxide, the resultmg liquid, after filtration, is strongly 
acid, and it is supposed to contain cobaltous acid, H2Co03'l’ A green un- 
stable solution of potassium cobalbte, KjCoOs* “ formed by the addition of 
potassium hj drogen carbonate, KHCO3, to the solution of cobaltous acid 

Feme aad and the ferrates — ^Wben ohlonne is passed through a strong 
solution of potassium hydroxide m which feme hydroxide is suspended, 
the solution assumes a purple colour, and a block powder of potassium 
ferrate, separates This appears to bo analogous with potassium 

manganate, KjMhO^ The powder dissolves m water formmg a rose red 
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solution The salt has been prepared m dark-red cijstals isomorphous 
mth potassium sulphate and chromate Potassium ferrate is unstable 
and its solution readily decomposes 4 El 2 Fe 04 + lOBUO = 8 KOH -f 
4 Fe(OH )3 -f SOj. The banum salt, BaFeO^, is more stable By analogy 
■with the chromates and sulphates, it is inferred that the ferrates are derived] 
from an unknown feme acid, H^e 04 , which m turn is denved from an 
unknown feme anhydnde, FSO^’analogous with sulphur and chromic 
tnoxides . 2 Fe(OH )3 + lOKOH -}- SCI, = 2 E:,Fe 04 -f 6 Ka + 8H,0. 


§ II. Cobalt and Nidid. 


History — The word “ cobalt” occurs m the wntmgs of B Valentino 
and Paracelsus to denote a gobhn supposed to haunt a nunc — ^from the 
German Ldbald, an evil spmt The term was idso applied to what were 
called “ false ores,” that is, ores which did not give metals when treated 
by the processes then m vogue for the eidraction of the metds . The 
term was gradually confined to the mmcrals used for colouring glass 
blue, and which are still used for makmg smalt. In 1735 Brandt stated 
that the blue colourmg pxmciple is due to the presence of a metal 
which he called “ cobalt res,” hence our “ cobalt * 

Nickel seems to have been known to the Chmese m early times In 
Europe, towards the end of the seventeenth century, the German term 
hipfer-ntcM (false copper) was apphed to an ore, which, while possessing 
the general appearance of a copper ore, jet gave no copper when treated 
by the general process then used for the estraction of copper Never* 
theless the mineral was supposed to be an ore of copper A F Crtmstcdt, 
1751-1754 stated thatkupfer-mckel contains a metal which gives a brown’ 
not a blue colour, with glass Cronstedt’s^vicws were not adopted until 
T Bergman proved clearly that Cronstedt’s “mckel ” was a new element 
m an impure condition 


Occurrence Ckibalt and mckel are nearly always found associated 
with one another Both elements occur free m some meteontes Cobalt 
occurs as a mmor constituent m some mmerals It also occurs combined 
M arsemde m ernamie or cobalt ^iss, CoAs, , and as cobalMe or cobalt 
glance, lupferntcid or ntccohte, NiAs , mUlenfe 

or mckel blende, NiS, meld glance, NiAsS , and garmente a sihcate of 
mapiesium and mckel, (NQTglH^SiO^, found m New Caledoka ^ 

o usually worked to get cobalt salts 

^S“°i^^^^iS^’i°?5teltpjemove arsemc and sulphur’ 
dig^^ with hydrochlonc acid, and the solution 
t^t^^^ydrogen sulphide to remove, the oopperriea'd^^anfimonv 
etc BleacW powder is then addedan just stifficioS^uStVio^^^f ’ 
the ironjj^ich is then precipitated by the addituSn o?cW^ 
soliHion 18 treated with more blcachmg poivder to nrecimfatft' i,* i£ 
<«ade,_anxnickel which might be pre^S m nrmn53 
of milk of hmi CoWt^etaris 

current of hydrogen, or bv reducinir fho xeauemg the omde m a 
as m Goldschmidt’s procjfor Rg^ 

Nickel and cobalt ores are treated by differenf- -moM j ^ 
upon the nature of the ore under treatmmt “methods depending 

a prwess similar to that desenbed for the extra^on of? 

IS “ Bessemenzed ” m a converter. Eg 145 aJto ^® 

. x»o, BO as to omdize the iron, and 
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lunuBh a matte noh m copper and mokel Tins is roasted, and the result- 
ing oxides are reduced ■with coke An alloy of copper and mckel is thus 
obtamod The two metals are separated by an electrolytic process 

A nearly pure mokel is made by Mond's process, which is based upon 
the formation of a readily volatile compound of nickel — ^mckol carbonyl, 
Ni(CO )4 The roasted ore (oxides) is heated m a reducing atmosphere to 
about 300° so as to transform the oxides to metal The resultmg mixture 
IS heated -with carbon monoxide under a pressure of about 16 atmospheres 
at a temperature of about 100° The vapours of the oscapmg mokel 
carbonyl can be decomposed by heatmg the gas to 200° under atmospheric 
pressure The escaping carbon monoxide is used agam 

Properties — Cobalt and mokel are hard white metals, cobalt is shghtiy 
j bluer than mokel Both metals are malleable and ductile. Iron is strongly 

( 'magnetic, cobalt and mokel are but feebly magnetic, iron forms F03O4 
when heated ivith steam , mokel and cobalt form the mono'<ados Don 
rusts in moist air, cobalt and mokel only oxidize very slightly unless heated 
em air Dilute hydroohlono and sulphune acids dissolve cobalt and mckcl 
I slowly, whereas iron is rapidly dissolved by these acids Cobalt and 
I mckcl are both attacked by nitric acid, fonmng the correspondmg nitrates — 
{Co(NOj)4andNi(N03)2. 

Alloys and Uses — ^Nickel is much used for “ mokel platmg ” other 
metals on account of its silveiy appearance, and the foot that it docs not 
readily tarmsh m air The mckel is deposited from a double sulphate 
of ammomum and mokel by a process similar to that used foi “ silver and 
gold platmg ” Nickel is used in making several important alloys E g 
German silver has 26 per cent of mokel and the rest copper and zmo , 
iitclel sled is hard and tough, and is used for parts of machinery dasigncd 
to withstand continuous wear and shocks, and in the manufacture of armour 
plates, burglar proof safes, etc Nickel corns contam about 26 per cent 
of, mckel, and 76 per cent of copper 

Cobalt oxides and sihcates are used for colourmg glass, and pottoiy 
glazes, etc Smalt is a glass mode by fusing cobalt oxide and sihoa, and 
uhen ground it is used as a pigment ThmariTs blue is a blue pigment 
mode by oalcimng a mixture of cobalt oxide mth alunima. 

Atomic weights of cobalt and nickel — The almost identical values 
for the atomic weights of cobalt and mokel has attracted much attention 
Nickel oxalate, cyanide, sulphate, ohlonde, bromide, iodide, etc , have boon 
investigated, and the result shows that the combinmg weight of mckcl 
(oxygen = 16) hes somewhere between 68 03 and 68 96 , and 58 68 is 
generally accepted as the best repr^entative value Similarly for cobalt 
the combimng weight hes somewhere bot'ween 68 7 and 69’7 , and 58 97 
IS generally taken to be tlie best representative value Those numbers 
agree with the atomic weights estimated from the specific heats by Dulong 
and Petit’s approximation t 

§ 12 The Relationships of the Members of the Iron Family 

The atomic weights of the iron, cobalt, and mokel group am not very 
difiorent numerically It is not at all uncommon to find that elements 
with but small differences m their atomic weights sliow inaikod differences 
in their physical and chenuoal properties For example, boron, 11, and 
carbon, 12, potassium, 39 1 , argon, 40, calcium, 401, selomum, 70 2 ; 
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and bromine, 79 96, lodme, 120 97. tellurram, 127 6 The physical pro- 
perties of the iron, cobalt, and nickel family are summanzed in the table. 


Table XXXII — Prysioat. PaopEMiEB of the Iron Family 



Iron 

Cobalt 

Nickel 

Atomic weight 

5B 8B 

1 68 97 

68 7 

Specific gravity 

7 S 

i 86 

88 

Atomic volume 

7 10 

! 0 94 

0 OS 

Melting pomt 

1630“ 

i 1407“ 

1436“ 

Boiling pomt 

2460“ 


2460“ 


The elements are usually associated together m nature , they are all 
magnetic, nearly white, hard metak with a high melting pomt Tlieu 
chemical properties exhibit a gradual transition from iron to nickel Iron 
forms two well defined basic oxides, so does cobalt, but the basicity of the 
cobalt sesqmoxide is so feeble that the corresponding salts are only known 
in solution— the double salts, however, are stable Nickel gives only one 
basic oxide — ^mckel monoxide — iho scsquioxide does not appear to form 
salts Although the atomio weight of nickel is less than that of cobalt, 
the physical and chemical properties of the members of the family show 
a transition from iron to cobalt to mokeL This is not a common phono-' 
menon with the other family groups It is common to find that in groups 
of related elements each member seems to affect a particular state ofi 
oxidation or combmation m which it is in a condition of maximum stability, 
or chemical repose, as W A Tilden expresses it (1896), and to further’ 
emphasize the idea, he pomts out that the alumimc salts cannot be reduced’ 
to a lower state of oxidation , chromic salts can be reduced uoth difficulty 
feme salts are easily transformed to ferrous salts , while the manganic! 
salts can be reduced by mere heatmg ^emo cblonde is a stable salt,, 
cobaltio chloride 18 stable only in solution , and nickeho chloride is unknown.' 
A senes of polyiodides Ms Ij or are known— where M stands for 
atom of manganese, iron, cobalt, or mckeL The special property of cobalt 
m forming well-defined amnunes is worthy of note f^he throe elements are] 
related to aluminium, manganese, and chromium tlirough iron fferrates i 
c^mates, manganates, and the alums) , and to copper tlirough mokell 
The isomorphic relationship of the elements iron, cobalt, mckel, alummium ^ 

» aot only emphasized by the oiystallme form’ 
of m^y salts, but also by them constant association m native mmerals- 
ol alummium by non m sibcates Nontromte Fo O 

2S1O3 2H3O, for mstence. « 

the termmal members of a senes with aU mtermediate proportS of 
and alunumum oxide, and there are reasons for suonosmv ^ 

act in a similar way The contrast of o?,roiS^SSroro fS ^ n 
magnetic oxide of iron, EeO Ee,0« is also of m ore ieO &2O3 with 
relation between copper and nickel the irpnnrai i To emphasize the 
solubility of the hy^S^^Tm ^n 

the isomorphism of their two sulphates m spite S t£ ’ 

forms ate respectively CuSOiSHoO and N^SO w ^ ^ 

two sulphates form mixed crystal such that if the 
cop^er^nd nickel form pentahydratea, and if the m?Se 
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Questions 

1 State the essential chemical difference between the Bessemer and the 
open hearth processes for the production of steel What changes ere common 
to both processes ? What is the “ basic Bessemer process,” and why is it of 
importance ? — Worcester Poli/teehnte Inst , V S A 

2 Give an account of the metal nickel, and contrast its properties with those 
of allied elements — London Untv 

3 IVhy should tlie limestone jn the Bessemer and the Thomas Qilchrist 
processes punfy steel, wh^n limestone is alirays present in the previous blast 
lumaoe process ? — Amherst OoU , V S A 

4 Imte the equation for the action of potassium permanganate on ferrous 
sulphate and dilute sulphunc acid 

6 — (a) Blow woiild yon make sodium chromate from chromium sulphate t 
(b) Show how you would chai^ the product obove mto chromium sulphate and 
write the equation — Amherst Ooll USA 

6 How would you make (1) ferrous chloride from iron, (2) ferrous sulphide from 
ferrous ohlondo, (3) ferrous sulphate from ferrous sulphide, (4) feme hydroxide 
from ferrous sulphate ? Write the equations for the reactions after givmg the 
descnptions of the processes and mdioate the colour of the product in each case — 
Sheffield Setenttfle School, USA 

7 Describe bnefly and explam the blast furnace process, givmg the purpose 
of each ingredient of the charge — Amherst CdU , U S A 

8 What 18 the difference m composition between wrought iron, cast iron, and 
steel ^—Sheffield Setenttfie School, USA 

9 How IS ferrous chlonde converted into ferric chloride T How is feme 
chloride changed to ferrous chlonde t — Sheffield Setenttfle School, USA 

10 IVliat IS the difference between a blast furnace and a reverberatory furnace, 
and what is the chief use of each t lyhat is meant by a '* flux,” and what is 
one of the most commonly employed substances of this class I — Pnneeton Untv , 
USA 

11 What IS the difference m chemical composition between cast iron, wrought 
iron, and steel } How and under what conditions do the followmg substances 
act upon iron Water, copper, sulphate, snlphurio ocid, aqua regia, chlorine 1 — 
London Untv 

12 Describe exactly how you would prepare ferrous sulphate ond feme 
chloride from metallic iron and also how you would prepare ferrous phosphate 
from the first, and feme oxide from the second of these salts , state the appearance 
of each product — London Unw 

13 What are the chief sources of mokel ? How can mckel be obtamed free 
from cobalt 7 For what puraose does nickel find employment m the arts 7 
By what properties are mokel compounds distingoished from those of cobalt 7 
— Board of Bduo 

14 What are, most probably, the highest states of oxidation of chlorine, 
chromium, iodme, and oron 7 Oive an account of the experimental e\ idenoe m 
favour of the views you support — Board of Bduc 

16 What proportion of carbon is necessary m mild steel and hard steel re 
spectively, and what ineWs are now held os to the condition m which carbon 
exists os steel 7 — Board of Bduo 

16 Would the followmg equation represent correctly the formation of potas 
Slum ferrate from ferrous hydroxide when the latter is suspended m a solution of 
potaasium hydroxide, and chlorme afterwards passed mto the solution Fe(OH)t 
+ 2KOH + 2CI3 t= K.Fe04 + 4HC1 7 'Vniot objections can be urged against 
the equation os desonbmg the formation of potassium ferrate m this way 7 — B 
Oalloway 

17 Wliat IS meant by the statement that the combmmg weight of hydrogen 
IS 1, that of oxygen 8, and that of iron 28 7 How are these values arrived at 7 
IVhy is the combming weight doubled to gi\e the atomic weight of ctlAer oxygen 
or iron 7 — Board of Bduc 

18 Describe, with oil essential practical details, the preparation of pnro 
sjieoimens of the following salts — (a) ferrous sulphate from iron pjmtes, (6) 
morounc chlondo from cinnabar, (c) barium mtrato from banum chlonde — 
Board of Bduc, 



CHAPTEE XXVIt 


The Oxygen Compounds of Nitrogen 

§ 1 Sodium and Potassium Nitrates 

Potassium and sodium mtrato are tivo important salts. Tho former is 
also called “ mtre ” and “ saltpetre ” Tho word “ nitre ” is doiivod 
from tho Arabic nttrfm or nairum, thence the Greek words nitron or ndiron, 
mcamng “ soda,” while saltpetre is a corruption of tho Latin sal petree — 
“ salt of the rock ” Tho salt designated by those tuo terms is very 
different from rock salt, and from soda Sodium mtrato is often called 
“ soda mtre ” or “ Chih saltpetre,” to distmguish it from “ potash nitre ” 
or “ saltpetre ” propoi 

Crystallization of the two nitrates —Potassium mtrato foims 



hexagonal prisms (rhombic system), and sodium mtrato rhombohodral 

S The crystals are illustrated in Pig 178 i£e 

tlie salts have been crystallized on a shn of olrLcw u V^’ 

under the microscope Ideal crystals are lUiwtrateS t 

rf vmm, sightly s«str«.tarated sotatlon ol petosSm mS on a ^ 
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slip under the microscope Crystallization starts at the edges Here 
rbombohedral crystaUmo plates (left. Fig 178), nhicli are not really 
isomorphous with the crystals of sodium mtrato (right. Fig 178), are first 
formed, although a mixture of the two salts is formed , these are quickly 
followed by needle like rhombic (trigonal) crystals As a matter of fact, 
both forms of crystals appear m the photograph (loft, Fig 178) Im- 
mediately the rhombohedral crystals touch the rhombic crystals, the 
latter lose their xharp outlmes, and needle like rhombohedra sprout forth 
<m all sides (Hence, potassium nitrate ts dimorphous The rhombic 
pm'Stals are unstable above, and stable below 129°, and con\erbel 3 , the 
Rhombohedral crystals are stable above, and unstable below 127° Hence, 
D 29 ° is a transition temperature 

<- 129 °'^ 


Potas mtrate,h„njl„o Potas nitrate 
Both potassium and sodium mtrates are soluble m water , and, 
although sodium mtrate is more soluble than potassium nitiate at 

ordmary temperatures, the reverse is 



Fio 170 — Solubility Curves ol 
Sodium and Potassium Nitrates 


true at 100° This is illustrated by the 
solubihty curves — ^Fig 179 — (grams of 
salt per 100 grams of solvent) from 0° 
to 100° S(^um mtrate is somewhat 
dehquescent, that is, it becomes damp on 
exposure to the air, and it cannot, there- 
fore, be used for some purposes for 
which potassium mtrate is applicable 
Potassium mtrate does not dehquosce 
under the same conditions. Sodium 
nitrate is much cheaper and more plenti- 
ful than the potassium salt. 

The occurrence of sodium nitrate — 


Largo quantities of sodium nitrate occur m the ramless zone on the 
West Coast of South Amenoo — ^Peru, Bolivia, Chih The salt occurs in 
large fiat basms between the ridges on the Tarapacca plateau Fig 180 
lepresents a diagrammatio cross section through a “ mtre basin ” which 
will give a rough idea how soda mtre occurs There is first a 2 or 3 
mch surface laj'er of grey sand and pebbles. Tlio suiface itself is almost 



Fio 180 — Geological Section of Nitre Bed 
^Diagrammatic) 


devoid of vOgetation Below 
the surface is a 1 to 6 ft 
layer of similar material 
cemented together with clay 
,and salt and sodium mtrate 
This stuff IS called by the 
natives “ costra ” Below the 
“ costra ” 18 a white stratum 


of massive nitre bearing rock, 1 to 6 ft thick, which is called by the 
natives “ caliche ” Below the calioho is a layer of sodium chloride, etc , 
resembling costra , a layer of clay and loam , and finally the bed rook of 
shale, or limestone, or other rock wluoh may be there outcropped Costra 
n a kind of low grade nitre rock or cahehe nmning 6 to 12 per cent 
sodium nitrate , the caliche runs 18 to 26 per cent , and in exceptional 
oases 60 or GO per cent sodmm nitrate — ^tho average runs 20 to 30 per 
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cent The deposit-s are elosc to the surface, and naturally vary a little m 
different places 

The fraction of sodium mtrate — ^Tho cahche is mined by bonngji 
down to the lowest stratum The bore is enlarged and chained uathf 
blastmg powder The explosion breaks up the nitre bed w'lthin a|i* 
50 ft radius of the explosion The caliche is sorted out and transported 
to the leaching works The cahche is extracted with water, and the,, 
solution IS reorystallized so as to separate the sodium mtrate from the ' 
accompanying impurities — sodium chlonde, sodium and calcium sulphates, 'ij 
sodium lodate, sodium perchlorate, insoluble matter, etc Commercial sj 
Chill saltpetre contams from 95 to 98 per cent of sodium mtrate The*! 
sodium lodate w'hich accumulates in the mother liquid is used for the 
manufacture of lodme Nearly million tons of “soda ratre” werei] 
exported from Chili in 1911 

The conversion of sodium mtrate mto potassium nitrate —The 
Chih saltpetre is dissolved in about 1| times its weight of boiling water, 
and a solution of sylvme — potassium chlonde, from the Stassfurt deposits ' 
— m three times its weight of water, is poured into the sodium mtrate 
solution Sodium chlonde at once separates as a fine granular precipi- 
tate KCl -h NaN 03 ^ NaCl -j- KNOy The crystals are removed, and 
the mother hquid is evaporated to about half its ongmal volume, and the 
sodium chlonde again removed. The sodium chlonde is washed with -water 
to recover some of the potassium mtrate removed with the crystals, and 
the washings used for dissolvmg more of the raw' matonal The mother 
Iiqmd 18 further concentrated by evaporation Crude mtro crystallizes 
from the solution This is punfied by recrystallization from boihng water, 
wluch IS stined w'hile coohng so that the nitre crystals may be small and 
granule^ ^ro meal ” The crystals are dned and packed m sacks for 
transport The nitre still holds about half per cent of sodium chlonde 

S ^ salt for pickhng 

meat, probably because of the quantity of mtre it still contams ^ ^ 

§ 2 Nitre PleUitations 

Thoonginofthomtrebcdsisnotknow'n It is generally agreed tint 

the mtrogen is of orgamc ongm-ammal or vegetable Since immen^ 
deposi^f jpiano have been found on some of the islands off the const of 
Peru e g the Cluncha Islands — ^it has been sugeested that tVin 
» der^cd from tho gmmo If so rt m not 

have gone, since there is practically no calonun nhosnhato in * 
bods Of conrso, the soluble nitrates may ba^taej Shod f™ SL"" 
^imo m some other locality and dopo/tad mSit nS,;Z:^'T? 
^^mhlam of tb. rnigm of the Lpomta 

bactena If the soil be fairly ^ but not ton t® certain 

tho exposed surface The Mumm made up 

mtrate , and. after a tune, if tho sod bo oxtLted ^ 

evaporation, furnishes yoUowish-hrawTp^l^t?^ ^ ®?’ 

mfea Tho mnda nitre can ho pmtSed^by r„ ’aSiranT^Xt 
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The Tviite effloicscenoo sometimes seen on the iraHs of stables, etc , is some 
tunes, not alwavs, duo to the formation of mtrates m this iray 

The first stage in the decomposifaon of the oigamc matter is doe to the 
l^bon of certam bacteria. ■Ainmoma..and. ammo nnun compp onds are 
iormcd along mth other gases -which produce the characteristic odour 
f putrefaction. The next stage in the process of decomposition is due 
:o the action of a special bactennm — the nitrous ferment — ^which converts 
I the ammonia mto nitrous acid 2XH3 + SO. = + fiHXOj. Another 

bacterium — the mtnc ferment — tran^orms the mtrous into nitno acid 
2 HXO- -f- 0 . = 2HXO3. Bj the agency of these three types of bacteria, 
the sod IS constantly receivmg fresh snpphcs of mtritcs necessary for the 
growth of plants and derived from the decomposibon of the oigamc matter 
: present in the soil * The free acids are not really present in the sod because 
the alkabcs or alkahne earths present mteract with the acids producmg 
the mtrates and mtntes. It is owing to these reacbons that water, con- 
tammatcd by dramage from snrface sod contains mtrates 

In the hot dry countnes of the East, India, Persia, Arabia, etc , parti- 
uidnrly m the neighbourhood of villages uhere unne and other organic 
matters find their ivay into the «od owmg to imperfect systems of “sewage 
disposal” the process of mtnficabon goes on rapidly The sod is ex- 
tracted with water every few vears, and the mtrates, chiefly calcium and 
yxitassium mtrate, are extracted as mdicated above The product from 
the sod in the Talley of the Ganges (Bengal) is caUed Bengal saltpetre 
at is principally potassium mtrate If calcium mtrate be present, potas- 
sium carbonate is added to the aqueous extract from the sod so that 
calcium carbonate may bo precipitated, and potassmm mtrate remam 
m solubon Ca{N03)j — K2CO3 = 2KXO3 -r CiiGOj. The mtre is then 
punfied by recry^aUization. 

Duimg the ^apolcomc -wars, France had great difBcultv m procuring 
suflicient mtre for the manufacture of gunpowder This led to the con- 
struebon of mtre beds m various parts of the country But when the 
French ports -were thrown open, after these -wars, the manufacture of 
mtre, m France, -was abandoned because it could be imported more 
cheaply from India The process is still used m a few locahties — c.g 
, Sweden Soilnch m Immns- dutifr. or a ni mal off al is pded mto heaps 
\nth the dibns from buddings, or^fh lime, or -a-ood a^es The heaps 
are protected ^m ram by sheds A system of gutters or pipes may also 
distribute the liqmd cxcrebons of animals over the top of the heap The 
,pded mass is cafled a mtre plantabon Before long a white film of mtre 
t ‘ grows ” on the -wmdward face of the pde This is scraped off regularly, 
' and leached as mdicated above If lime be present, the resulting calcium 
mtrate is converted mto potassium mtrate by the addibon of wood 
'ashes — potassium carbonate 


t{ § 3 The Nitrogen Cycle. 

All hvmg matter, and the waste products of anmiab contam con- 
siderable guantibes of combmed mtrogon It is a necessaiy consbtuent 
for the growth of hvmg oigamsms During the decay of oigamc matter 

' Of course, as udicated shortly rutrates occur in rain-water denied from 
the direct oxidation of nitrogen by dectnc discharges— lightning, etc. 
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through tho agency of boctoria, part of tho nitrogen finds its ivay back 
to the atmosphere, and part passes directly into tho soil to bo absorbed 
by plants Animals cannot assimilato free nitrogen, and they are accord- 
ingly dependent upon the plants for their supply Nor can plants usually 
obtam their nitrogen direct from tho atmosphere Most plants got their 
nitrogen from tho soiLwhero it is present in the form of nitrates, ammonium, 
or other complex compounds Tho orgamc matter in tho sod is attacked 
by bacteria of various lands, and part is converted into mtrates and part 
into free mtiogen A certain amount is brought bock from the atmosphere, 
durmg a ram storm, where it has been oxidized into ammonium mtrato by 
olectnc discharges But those supphes of available nitrogen do not sufiice 
to mamtam tho fertility of cultivated sods. It is therefore necossaiy to 
make good tho constant drauung of tho available 
mtrogen by the cultivatod plants This is done 
by allowmg nitrogenous orgamc matter — manures — 
to decay on tho sod, or to add a mixture — ^foitihzor 
— contaimng avadable mtrogen 

Some plants, principally tho Icguminosm — ^poas, 
beans, clover, lupms, etc — appear to live in a kind 
of partnership — symbiosis (from the Greek avy (syn), 
with , fi{utris (biosis), hvmg) — with cortam bactena 
The bactena apjiear to live as guests m nodules on 
the rootlets of their host, and probably also in tho 
noighbounng sod. Tlie nodules on the rootlets of 
a Phaseohis (bean) ore illustrated in Fig 181 ^ 

The symbiotic baoWia convert tho nitrogen of tho 
atmosphere mto a form available as food for tho 
plant on which they Uve 

The processes mvolved in the circulation of mtrogen in nature may bo 
summarized in tho scheme 



Fio ]81 — •'Nodules on 
Root of Bean Plant 


; Anunomacal ferment, mtrates, etc 


Livin 



fFixod by electnoal) 
s disohargo, or sym- f 
(biotio bacteria ) 


f Free atmo 
"j spbenc 
( nitrogen 


The idea has been expressed m a more romantic way To dav a 
mtrogen atom may be throbbmg m the colls of tho meadow erass tn ^ 
m^ow It may be pulsating through the tissues of a hvmg ammal ’tJio’ 
^ogen atom afterwards may rise from decaymg ammal refuse and 
steeam to the upper ropons of the atmosphere whore it may bo yoked' 
with oxygen in a flash of hghtrung and return as plant food to tho sod 
in a torrent of ram , or it may be directlv absorbpd 
by the sod, and there rendered available for plant food bv^ho^aot*^™ 
symbiotic bactena Thus each nitrogen atom Ms do4ta LdeL^n^^ 
never ceasing cycle of changes through countless mens of Sie ^ ^ “ 

' Obtomed from Mr A Flatters, Monoliestor, 
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§ 4 The Fixation of Atmospheric Nitrogen 

Tlio fortilitj of cultivated fields ond gardens is dependent upon the 
amount of combined 'pitrogen added ns manure or fertilizer Of course, 
cultivated plants require fertilizers oontnining other elements — ^parti- 
cularly pliospliorus, and potassium — but nitrogen is the most expensive 
Tlio development of agnonltiiro is largely dependent upon the cheap 
production of available nitrogen According to a Report of a Commission 
for the Cliihan Go\ eminent m 1909, their nitre beds contained at least 
250 million tons of cabcho, contsmmg oxer 15 per cent of mtre, jet the 
consumption is so great that it was predicted the beds would be exhausted in 
less than a century Most of the sodium nilrato is cmploj ed as a fertilizer 
for uheat, etc Since the comparatively small store available promises 
soon to be deplenished, it is obviously neeessary to exploit other means of 
supplying farmers with the fertilizers they require The nitre plantations 
do not give a laige enough j lold F Nobbe and L, Hiltner, in 1898, sold 
.cultures of the ‘ nitrogen fixing ” baotena under the name “ nitmgcn ” for 
moculating the soil The results have been fairlj satisfactorj for certam 
~ crops Mlien peptones and glueose 

were added to the water in iiliich the 
nitnf\nng baotena are distnbuted for 
^ IHP mm spreading oii the soil 

There are at present three 
' iJL promising methods for the corner 

W JY Sion, or ‘ fixation ” of atmospheno 

nitrogen in a form available for 
plant food (1) By heating calcium 
r- r. j . carbide in dn nitrogen uherebj it 

Fio 1S2 -Cavendish s Evpenmcnt converted into calcfiiin cjanamidc 

(? I’ ) > (2) the direct synthesis of ammonia from its elements (qv) , and 
(3) the direct oxidation of atmospheric nitrogen and absorption of the 
resulting oxides in vv'atcr or alkahne solutions 

7 Priestley (1779) first noticed that an acid is formed when electric 
sparks are sent through the air, but ho seems to hav e thought that the 
acidity w’os duo to oaibonio acid H. Cavendish (1785) proved that the 
product of the action is mtrio acid In Cavendish’s exponmont, the air 
was confined over moroury in the bond of a A shaped tube The open 
ends of the tube dipped under mercury contained in separate glosses 
(Fig 182) A senes of sparks was sent from on olectrieal mnohino through 
the air confined in the tube After the action, the gas turned blue litmus 
rod, gave a turbidity with lime n ator, vraa absorbed by potassium hydroxide, 
etc In fine the product of the action of potassium hjdroxide upon the 
air after sparlong, was mtre W Crookes (1892) showed that air can bo 
burned to nitno and mtrons ocids in a powerful electrie arc , and Siemens 
and Holsko (1902) burnt the nitrogen by possmg air through a chamber 
containing an electric arc spread over os great a surface os possible 
Jiv means of on e^tro magnet Tlioir apparatus is shown diagrammati- 
cally'in Fig ^83 The conditions of the reaction have been studied by 
W Nemst (1900), and F Haber (1907) Nitno oxide is formed bj the 
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direct union of nitrogen and oxygen at high tomporatnres Nj + Oo 
— 2NO Tlie reaction is cndothermal The higher the temperature, 
the greater the amount of mtnc oxide formed when the •ystem is in 
eqmhbnum Tims, uith a imxture of equal volumes of mtrogen and 
oxygen 

Temperature 1811“ 2033“ 2105“^ 3000“ 3200“ 

Ikitnc oxide 0 37 0 G4 0 907 4 6 6 00 per cent 


Tlio reaction is very rapid A few seconds suffice for the system to 
assume oquihbrium Hence if the reaction is not to be reversed, owing 
to the dissociation of mtnc oxide, the ^stem, after heating, must be 
cooled very rapidly, as was the case with hydrogen peroxide and ozone 
Experiment shows that the cooling of the gases to about 700® suffices to 
make the back action {dissociation of mtnc oxide) neghgibly small 

Tliere are several successful schemes for applying these facts commerci- 
ally to the fixation of atmosphenc mtrogen Birkeland and Eyde’s may 
be taken as typical It is used m Nonraj Other schemes are in use in 
the United States, Italy, etc K- Birkeland and S Eyde (1905) produce 
a high voltage arc between two electrodes consisting of copper tubes 
through wluch a current of cold water is contmually flowing In order 
to spread the flame over as great an area as possible, an electromagnet is 
placed at nght angles to the electrodes so that the terminals he between 
the iioles of the magnet > 

The effect of the magnet 
IS to spread the flame on 
one dectrode until the 
current is reversed , a new 
flame then starts on the 
opposite electrode The 
current alternates every 
second, and the general 
result IS an intensely hot 
disc of flame — electnc 
sun ” — 6 feet m diameter 



Fio 


183 — Siemens and Halskc’s Evponment 

The flame is enclosed m a special bnck-hned 
furnace with a metal casing, and air is dnven past both sides of the disc 
of flame The gases ate pumped off The “ disc arc ” (1) offers a very 
large surface of contact to the air This means that a relatively largo per- 
centage of the mtrogen will be oxidized to mtnc oxide %nth a mmimum 
consumption of current , and (2) it allows the systom. to be cooled rapidly 
TO as to reduce the amount of mtnc oxide dissociated durmg the codine 
The gases contaimng between land IJ per cent of mtnc- oxide at 
a temperature of about 200®, enter the oxidation chamber where 
the n Jic oxide^mbims directly with oxygon to form mtrogen peroxide, 

Sases aro then passed through a series 
^five abwrption towers where they meet water, and imlk of hme 
The absorbed mtrogen oxides form calcium mtrate , the solution is 
evaporated, and sold as fertilizer This Norwsgmn saUpelre is almort 
anhydrous calcium mtrate It contams nearly 13 per cent of La S 
nrtrog.n !.> ot the grotvS. of thl Iw tS ™ 
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§ 5 Nitnc Acid — ^Preparation 

Molecular weight, HNOj = 63 02 Molting point, —47* , boiling point, 80° at 
760 mm pressure Spooiiio gravity at 0°, 1 56 

History — Nitrio acid was probably known to the ancient Egyptians 
Gebor says that he made it hy ^stilhng copperas with sallpotrc and alum , 
and J R Glauber (1660) m^c it by distdhug a mixture of mtie and sol- 
phuno aoid. A L Lavoisier (1776) proved that nitrio acid is d compound 
of oxygon, and H. Cavendish (1784^5) demonstrated that it is formed 
by sparkmg nitrogen with moist oxygen J L. Gay-Lussac (1816) found 
the ratio of hydrogen oxygon mtrogon corresponded with HgO NjOg 
Preparation of nitnc acid — When potassium or sodium mtrato is 
mixed with dilute sulphuric acid, no obtrusive sign of ohemioal action 
occurs, althoiigETb can bo proved that a reversible change has taken place 
so that the sodium is distnbuted betw'oen tlie sulphuno and nitno acids. 
If a mixture of concentrated sulphuno acid and sodium mtratc be heated to 
about 130°, mtno aoid, HNO3, is volatilized. The reaction is represented 

NaNOg + HaSO^ ^ NaHSO^ + HNO3 

The two salts sodium nitrate and sodium hydrogen sulphate are not 
volatile , the nitric aoid, HNO3, boils at 86° , and the sulphuric acid at 

330° Hence on warm 
jng to about 100°, the 
mtno aoid is volatilized 
and the state of ogui- 
librium of the solution 
IS disturbed, in con- 
sequence, the sodium 
mtrato is aU decom- 
posed If Uie tempera 
ture bo higher, normal 
sodium sulphate is 
formed and 1^ sul- 
phuno acid IS needed 
for a given yield of 
mtno acid 2NaN03 
-f H,S04 = NajS 04 -f 
2HNO3 But appre- 
oiablo quantities of 
the mtno aoid are decomposed at the higher temperature 

The aoid con bo prepared m the laboratory by means of the apparatus 
illustrated m Eig 184. This explains itself All rubber and cork stoppers 
and connections must be avoided because the aoid rapidly attacks orgamc 
matter The retort is charged with the sodium nitrate and sulphuno 
acid, and heated. BrOwmsh rod fumes appear and the distillate is more 
or loss coloured brown beoauso of the solution of the red coloured gas in 
the distillate The brownish red gas is a product of the decomposition 
of the mtno acid by heat. Qnjunamifaotunng-scalo, the sodium mtrato 
and sulphuno acid are heated in cast iron retorts , the vapour is condensed 
in earthenware pipes cooled by water, and collcoted m earthenware jars. 
The last jar is connected inth a tower iillcd with coke down which a stream 
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of -water tnokles The object iB to recover the nitrogen peroxide produced 
by the decomposition of the mtrio acid The retort has an exit pipo from 
which the sodium sulphate can bo run when the action is over. To 
reduce the amount of nitrogen peroxide formed during the decomposition 
of the mtne acid by heat, the stills are often -worked under a reduced 
pressure so that the acid may come off at as low a temperature as possible 

,giinficatj,on,of,ri;tq.c.aad — ^Tho nitno acid so obtamed contains some 
chlonne and lodmo denved from the chlorides and iodides associated uitli 
the nitre Some sodium sulphate, sulphuric acid, and iron are also earned 
over into the receiver Nitrogen peroxide is also present as indicated 
above To purify the acid, it is chstilled in glass retorts, and the first 
fraction which come over is put on one side as crude acid containing 
volatile chlonne compounds. When the distillate gives 
no precipitate -with a dilute solution of silver nitrate, the 
receiver is changed, and the greater part of the nitnc acid 
IB distilled off liie residue in the retort contams the 
sulphates, lodmo and iron 

The acid can bo redistilled from concentrated sulphunc 
acid to remove aJl the -water , and the mtrogen peroxide 
can bo removed by passing a 
current of carbon dioxide through 
the warm acid until it is colour- 
less 

JSummgjgitnc^ cid is brown 
in colour , it is mtno acid ivith a 
oonsidcrablo amount of mtrogen 
peroxide m solution It can be 
made by distilhng nitno acid 
Muth a httlc starch The starch 
reduces some of the nitno acid to 
nitrogen peroxide which is 
absorbed by the distillate 



Fio 186 — Decomposition of Nitno 
Acid by Hont 


Uses —Nitnc acid is one of the common acids It is used as a solvent 

copper, for the manufacture of 

nitrates u^ for photography [AgNOj], pyrotcchny [Ba(NO,)„ Sr/NO ) 

S*’ TONO U etc It 18 also u^d m the''LSctum 

of dyestaSB, explosives, sulphunc acid, etc , and in motallurjcv etc A 
carboy of the acid (sp gr 1 42) holds about 140 lbs ThrcSroml no d 
sells at about 3?d! per lb , and the pure at 4|d pet lb 

§ 6 The Properties of Nitric Acid 
Nitnc acid is a colourless mobile liouid -wbiob ruTnAc i 

to correspond mHi a imitmo d Md ond^atK'Sc'm 

's. srt nz 

n.tac «d tab at 120 5”. nrorc and'^rlS 
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^dilute solutions, boil at lower temperatures A more dilute solution loses 
jwater on boiling, and a more ooncentrated solution loses acid on boding 
Wtd 68 per cen^ of mtric aeid of constant boiling point distils unchanged 
fThis 18 the concentrated ratno acid of commerce The specific gravity 
'of the constant boding acid at 16° is 1 414. 

Decomposition of nitnc acid — A certain amount of acid is decomposed 
during the distillation 4HNO3 ~ ^NOg 2H2O -}* Co. Tins decom- 
position commences below 68° At higher temperatures the decomposition 
IS very marked. Eor instance, if the concentrated acid be allowed to fall 
drop by drop into a quartz fiosk containing fragments of oalcmed pumice 
stone heated in an apparatus fitted as shown m Fig 186, the rod vapours 
evolved can bo condensed in a freezing mixture to a broivmsh hquid (NO,), 
and a colourless gas — oxygen — coUeots in the gas jar Nitric acid vapour 
also decomposes when exposed to the bght, nitrogen peroxide is formed 
which IS absorbed by the acid giving it a yellow colour 

Hydrates of nitnc acid — W Kilster and R Rremann’s (1904) 
freozmg curve for nuxtures of mtno aoid and water, Rg 186, shows tho 
existence of two hydrates HNOa-SH^O and HNO^ !^0, see p 437 The 

first-named bydirate separates in trans- 
parent ciystals, mcltmg at —18 2°, 
and the latter in opaqne ozystals 
moltmg at —38° Another hydrate, 
HNO3.2H2O, IS reported, but 16 does 
not appear to bo stable under tho 
conditions of this expenmont 

With tho notation employed in 
discussing tho pcnodic acids, tho acid 
N(0H)5, should be called oitbomtric 
aad , NO(OS)^, mesonitnc aad , and 
NOglOH), metamtnc aad The last 
alone is known with any degree of pro- 
babihty The hydrate HN03.2H^0 has 
been referred to orthomtne aoid, and HKOgH^O to mosoiutrio acid, but 
those compounds are not polybasio acids, and it is therefore doubtful if 
tho hydrates of nitnc acid can be interpreted m this way 

Action on organic compounds — Nitnc acid is extremely corrosive, 

! ond when brought in contact with the skin causes painful sores Tlie 
dilute arad stams the skm yellow or broivn, probably owing to the forma- 
tion of xanthoproteic acid. II strong mtno aoid bo poured on sawdust, 
the mass often bursts into flame If a dish of fummg mtno acid bo placed 
m a basin in the bottom of a glass cylmder, and a little tuipontine bo 
added from a pipette, the turpentino will burst into flame Glowing 
charcoal continues to bum when plunged mto the acid With orgamc 
compounds, one or more hydrogen atoms are replaced by an equivalent 
NOj radicle, and water is formed. For instance, cellulose or cotton 
becomes mtrocellulose or gun cotton, CiaH„Oio(N03)B , 
glycerol, C3Hj{OH)3, beoomes mtroglycerol, GJS^(ONOn) 3 , 'W'luoh is tho 
I active agent in dynamite , and phenol, CgHgOH, becomes piono aoid, 
*ObHa(OH)(NO 'Is, n hich IS tho aotivo agent m mehmte 

Oxidizing action of mtne aad — ^In oonsequonce of the groat propor- 
tion of oxygon in mtno acid, and in consequence of the ease with which it 
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aOTSMhates mS^ + IOHNO3 =5 FoaCSOJ^i- HjSjOijj-JONOi-jHaP^ 
'"*Xquaregia —A nuxturo of hydrocMono and mtrio acids— say, m the 
proportions 3 or 4 volumes of the former per one volume of the latter 
\nU dissolve the metals gold and platmum Hence the alchemists term 
for tbia mixture, aqtia regia — ^the kingly waiter — because it dissolves th^ 
very inng of metals, gold The mixture becomes coloured at about 10°, 
and it evolves gas at about 30° , the action is quite vigorous about 90°, 
and at 109° a mixture of mtric and hydrochloric acids distils over 
The action of aqua regta on gold is supposed to be duo to the oxidation of 
the hydrochlono acid by the mtnc acid whereby chlorme is formed, and 
this latter agent attacks the gold or platmum Goldschmidt’s equation is 
HNO 3 + 3HC1 = 2H2O + NOCl + CI2, correspondmg with the fact that 
some mtrosyl chloride — ^NOCl — is formed at the same tunc The greater 
oxidizing properties of aqua regia over nitric acid are generally attributed 
to the presence of the free chlorine The action on metallic sulphides, MS, 
IS represented 3MS + 6HC1 + 2HNO3 = 4HoO + 2NO + 3MCI2 -}- 3S 
This equation is imperfect smee there is no doubt that tlie reaction is 
much more complex 

Action on the metals — ^The purest acid does not attack carbonates, nor 
does it dissolve mercury, copper, silver, cadmium, but sodium takes fire m the 
acid. Most metals and the carbonates are vigorously attacked by ordinary 
mtnc acid, and for this reason the old alchemists called it aqua fortts — : 
the strong water , or aqua dtssoluhva — ^the dissolvmg water The acid does! 
not attack the so called noble metals, gold, platinum, rhodium, and indium. 
Tm with the dilute acid gives tm nitrate, Sn(N03)2 , but mth the concen- 
trated acid it forms mtrogon ]ioroxido, NO,, and probably Sn(N03)4, which] 
18 immediately decomposed by the heat of the reaction, so that stannic 
oxide, SnOa, appears as the product of the action SnCNOj)^ = SnO^t 
“h 4NO3 + 0^ With mercury, an excess of the acid produces mcrcurio | 
mtrato, Hg(NQ3) j , _aiid witn an excess of mercury, mercurous nitrate, t 
HgNOg For the action of mtnc acid on irdnrahd'nickeI,'see'"Tassiv^ 
state ” The action of aqua regia {qv)in more vigorous than mtnc acidalonc | 
The action of mtnc acid on the mettds generally, is somewhat complox,| 
because the mam reaction is compheated by side or concurrent, and byl 
consecutive reactions These again depend not only upon the particular^ 
metal under consideration, but also on the concehtratiion of the aoianKo 
te^erati^, and the concentration of the products of the reaction acournu- 
latin g m thfi - Selpt iQti For instance, when dilute mtnc acid acts upon 
copper, wpper mtrato and a colourless gas, mtnc oxide, arc formed 


3Cu -f 8^03 = 3 Cu(N03)2 + 4H2O + 2N0: but as tlrco^pcr mtmte 
cumulates m the solution, nitrous oxide and even mtrogen may be 
found m appreciable quantity among the products of the reaction , again 
with concentrated mtnc acid, mtrogon peroxide is the mam gaseous pro’- 

^ j w » dilute mtnc acid forms nitrous oxide 4Zn 4- lOHNO 
= 4Zn(N03)3 + SHaO + N,0 , but with a mom concentrated acid, ammoma 
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may be formed 4 Zn + 9HNO3 = 4Zn(N03)2 + 3 H.jO + NH3 The 
lammoma, of course, reacts with some of the mtno acid to form ammomum 
nitrate. Iron filmgs or a copper zmc couple in the presence of a bttlo 
Isulphunc acid reduces dilute nitno amd to ammonia 
I The mechamsm of the reaction — Some consider that the first product 
I of the reaction is a mtrate of the metal and nascent hydrogen Cu + 
^ 2HNO3 = CufNOgla + [ 2 H]. The nascent hydrogen is then supposed 
to reduce the mine acid to mtrous acid. With some metals, the reduc- 
tion-of the mtnc acid proceeds much further, say through the stages 
HNO, -» NO -> N «0 ••» No -» NH, Free hydrogen is seldom 

oTOlved because it is so rapi 3 ilj^xi 3 izea by the mtnc acid. However, 
free hydrogen is said to have b^n obtained by the action of mtnc acid 
on manganese, and on magnesium The reduemg actions indicated above 
can be represented symboboally 

[ 2HNO3 + [ 2 H] = 2 HjO + 2NO3 , 2HNO3 + [8H] = 6H2O + NjO 
2HNO3 + [ 4 H] = 2H3O + 2HNO2 , 2HNO3 + [lOH] = GHjO -I Na 
2HNO3 + [6H] = 4H2O + 2 NO , 2HNO3 + [ 16 H] = 6H2O + 2NH3 

Some beheve that the acid first oxidizes the metal to the oxide, e.g 3 Cu 
+ 2HNO3 = 3 CuO + H3O + 2 NO , and that the oxide then dissolves in 
the acid to form the mtrate CuO + 2HNO3 = Cn(N03l2 + HgO When 
differences of opinion can reasonably be entertained^ it followi that- our 
Lnotoledge of the facts is incomplete, and more experimental worh is needed 
The metals copper, silver, mercury, and bismuth, have no perceptible 
action on cold dilute sulphunc and hydrochlone acids, and acoor^ngly 
it IS not likoly that they will reduce mtnc ncid by the oetion of nascent 
hydrogen V H. Veley ( 1890 ) proved that these metals have no action 
on cold dilute mtnc acid unless a trace of mtrous acid or a lower mtiogon 
oxide IS present. Nitrous acid may be present in the mtno acid os an 
' impnnty , it may be formed by the mcipie nt decomposition of mtnc oeid 
when it IS aarm^ , or it may bo formed in the acid by electrolysis pro 
duoed by local currents of electnoity set up by impuntics m the metal 
(“ local action ”) Once the action has started, the evolution of nitric 
oxide, and the formation of mtrate proceed qmekly According to Veley, 
therefore, the dissolution of this motal m mtno acid proceeds Cu -{- SHNOg 
= Cu(N 03)2 + HNOg + KjO, IS the resultant of a senes of oonsoeutive 
reactions Cu + 4HNO2 = 0u(NO2)2 + 2H2O + 2 NO , followed by 
Cu(NOj2 + 2HNO3 = 0 u(N0j) 2 + 2HNO2 , the small trace of nitrous 
acid thus acts os a catalytic agent , mtrous acid is contmuously produced, 
and contmuously decomposed 3HNO3 = HNO3 + 2 NO + HgO 

Nitnc anhydnde , nitrogen pentoxide — ^Add phosphorus pcntoxido 
to well cooled pure mtno acid m a retor]^ Heat the retort, at os low a 
temperature os possible so that a deep orange eoloured distillate is obtamed- 
Tho distiUate separates mto two layere. Decant the upper layer ^ mto a 
stoppered test-tube, when this hquid is cooled m ice cold water, ciystals 
separate Pour off the orange hqiud from the eiystals. Melt the eiystals 
at os low a temperature as possible, and again cool the hqmd Pour ofl 
the mother hqiud By i-epoatmg this operation, white rhombic crystals 
or six sided prisms meltmg at 30 °, and boilmg at 47 °, are obtomed The 

1 TIio lower layer is a solution of nitrogen pentoxido m mtnc asid Tins is 
liable to explode when heated. 
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phosphorus pontoxido has removed tho olemont® of Tvator from the mtno 
noid P 2 O 5 + 2 HNO 3 = 2 HPO 3 4- NgOg Tins suhstanco is also made 
by the action of dry cliloinio on silver nitrate in a U-tubo botvreen C0° 
and 96° Tho nitrogen pontoxido roaote -with •w'atoi producing mtno 
acid NoOg + HjO — 2 HNO 3 Henco the orystalhno moss is to bo 
regarded os mtno anhydndo 

H St G Dovillc (1849) analyzed this compound by possmg tho vapour 
over hot copper Tho copper retained tho oxygon, and tho nitrogen passed 
on NjOg + 6 Cu = 5CuO + No The results of tho analysis correspond 
■with mteogen 26 66 per cent", oi^gon 74 36 per cent , that is, with 
tho formula (NoOgln Tho molecular vroight has not been determined 
Hence wo take the simplest — ^NaOg Tho struoturo of nitric acid is nearly 
always represented by ” 


HO-N«, 


0 
^0 


correspondmg with qumquevalent nitrogen Tins agrees with the ready 
decomposition of tho pentoxide into nitrogen peroxide, NOg, and oig^gcn 
Tho formula of the pentoxide is best represented as indicated above 

There is a little, but no satisfactory, evidence that tho molecule of liquid 
mtno acid is (HNOglj, or HgNoOg Tho density of the vapour of mtno 
acid at 86 ° is 69 2 (H, = 2 ), and at 266°, 36-0 Tho fonnor is supposed 
to cprrespond ivith a 9 6 per cent dissociation of tho vapour HNOo , and 
tho latter with a 100 per cent dissociation 4 HNa 3 ^ + 211^0 + 0„ 


§ 7 Hypomtrous Acid and the Hyponitrxtes 

Redu^on of mtntes and nitrates — TIio roduotion of nitrites and 
nitrates to anmonia readily occurs m alkaline solutions Foi example 
If an excess of sodium or potassium hydroxide be added to mtno acid 
and pure zmo, alummium, or iron bo added to the alkalme solution’ 
^ salt is leducod to ammonia Wlion a solution of potassium oi 
^um mtnte or nitrate is treated with a solution of metallic sodium m 
S amalgam—the hydrogen liberated reduces tho mtnt( 

— ^ salt— sodium hypomtnte 2NaN0o + rSET 

aoeSaciJ albalmo solution con then be neutralized hi 

18 prodS 4 en hvd^oSmm?'® hypomtrous ocid, 

formula H.NA 

represented by HO— N—N—OTT^Tf ^ methods Its constitution is best 

hav« W. 

N-OH N-OH 
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This means that with our present ^stem of representing the composition 
of compounds, the hydroxyl groups may he disposed cither on the same 
side of the moleoule — ^the syn lype , or on opposite sides of the moleoulo 
— the anti lype Evidence of the existence of both forms has been 
obtained m orgamo chemistry It will be observed that this form of 

isomeiism may or may not exhibit a 
phenomenon resembhng desmotropism, 
or tautomerism 

A striking example of this pheno- 
menon was ^soovered by L. Pasteur m 
1860 Tartaric acid — 



Fro 187 — Crystals of Doxtro 
Libvo tartano Acids 


and COOH CH(0H) OH(OH) COOH 

— exists in three forms, all have tlio 
same molecular weight, and the only apparent difference in their properties 
is connootod with their behaviour towards polarized light Tlio most 
satisfaotoiy method of representing the constitution of the tlireo tai-tario 
acids in harmony with the facts, and uith the atomic hypothesis, is os 
follows 


Thaks forms 


CiB FORM 



Sextro tartano Acid Lievo tartano Acid Inactive Tartaric Acid 

There is one ois structure, and two modifioations of the trans structure 
— ^the dextro and Isevo acids The cis structure is mactive towards 
polarized hght, while one of the trans forms deflects the ray of 
polarized hght to the nght (dextro tartano acid) , and the other to 
the left (Itevo tartano acid) There is no difference in the kind or number 
of atoms or radicles m the molecules of the different vanctios. Crystals 
of the dextro and lievo acids or their salts are similar, but enantio- 
morphic — ^from the Greek iyavnoj (enantios), opposite , nop^ (morphe), 
sliape — meanmg that the two crystals are rdated to one another as 
object and imago, or as right and left-handed screws — ^Fig 187 It is there- 
fore inferred that the radicles in the two voneties are so disposed that 
the molecules of the two varieties rotate or spm m opposite direotions , 
and that the third mactive variety (mesotartano acid) is a kind of hybrid 
of the o^er two m that the tendencies to rotate m raposite directions 
neutrahte one another This is illustrated by the arrows m the above 
structural formulas 

Instead of representmg the disposition of the radicles m the molecules 
on a plane surface, it is maintamcd that the struotural formulsa ought to 
bo represented in tlirce dimensions, os is usually done m orgamo chemistiy, 
whore this subject has been highly specialized Hence the terms stereo- 
isomensm — ^from the Greek tntpeSt (stereos), solid — or geometneal or 
physical isomensm Many of the concepts which have been developed 
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m orgamc clicmistry liave been extended into inorganic chemistry Tho 
“ syn ” and “ anti " forms of hypomtrous acid arc simple examples 
Sometimes the carbon atom behaves as if its valency linkages wore 
directed from tho centre tovrards tho four apices of a regular tetrahedron 
The real shape of the atom of carbon is, of course, unknoivn Similar 
attempts have been made to deal with tho atom of nitrogen and some 
other elements, but in those cases there is not tho same agreement among 
chemists as is the case with carbon See “ Werner’s theory of valency ” 


§ 8 Nitrates 

Nitno acid is a strong acid, it colours blue litmus red , and behaves 
as a monobasic acid with metallic oxides, hydroxides, and carbonates 
fonmng a senes of salts called nitrates For instance, with copper oxide 
copper mtrato is formed CuO + 2 KNO 3 == Cu(NO HgO, etc 
Similarly wo have potassium nitrate, KNO 3 , calcium nitrate, CailSO^),, , 
bismuth nitrate, Bi(N 03 ) 3 , etc 

Tho mtrates are usually readily soluble m watoi and form well dofiiicd| 
crystals. Tho mtrates are decomposed when heated Lead nitrate, anS 
tlio nitrates of the heavy metals generally form an oxido of tho motal anc? 
give off a mixture of oxygen and mtrogen oxides 2 Cu(N 03 )a = 2Cu0i 
*^ ^^2 "b ^ 2 » 2 'Pb(N 03 )j ~ 2PbO + Oj + 4 NO 2 TIio nitrates of th(| 
alkalies form nitntes and oxygon 2KNOj = 2 KNO 2 + O, Hence th(| 
mtrates are often used as oxidizing agents 

Silver nitrate, AgNOj — Silver mtrato is usually formed by the action 
of mtrio acid on tho motal Tho aqueous solution crystallizos in colourless 
rhombic plates, 100 grams of water at 0 °, dissolve 122 grams of tho salt 
at 60 , 455 and at 100°, 952 grams of tho salt Tho aqueous 

solution 18 blackened, probably by reduction to silver, by contact vith 
or^nic matter, and it is accordingly used as marking ink for hnon, etc 
The crystals melt ^ 209 , and sohdify to a fibrous crystalhno mass called 
^ decomposes at 460°, foiming silver nitrite, 

o P®’' temperatures decomposes into metalho silver and 
mtrogen omd^ mtrate absorbs ammonia gas mth some aviditv 

’ ^^® solution when satuiatcd noth ammoma 

deposits rhombic pnsms of AgNOg 21®, mmoma 

Composition and basicity of mtnc aad —To show how tlm 
Md compo^ion of tho acid can be determined One gram of nure silvw 

metalhc copper The oonnBr +i, ™® passed over hot 

carbon dioxide, not the nitroLn TJia retained tho 

corresponded with 0 1307 gra^ Assuming timt tf ooHcctcd 

silver IS 107 88 , oxygen, 16®, TfoU^'S ^ 


Weight of Silver nitrate 
Weight of metallic silver 
Weight of “ mtrato ” radiclo 
'> eight of mtrogen 
Weight of os^gen 


Qrams 
1 6748 
I 0000 
0 6748 
0 1307 
0 4441 
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Henoo m Silver nitrate, the N 0 = 0 1307 0 4441 by n eight , i e. the 
numbers of the atoms are related as N 0=0 0093 0 028 , or, as 1 3 
Hence for o\ery atom of silver, there are throe atoms of ovjgon and one 
atom of mtrogen — ^AgNOg Assuming this composition for silver nitrate, 
it follows that the oombimng weight of mtrogen can bo dotormmod directly 
from the data given No one has prepared two silver mtrates — acid and 
normal silver mtrates — and there is no evidence of dibasioity with nitno 
acid Hence it is inferred that mtrie aoid is monobasic 

Copper nitrate, Cu(N03)2 3H20 — ^An aqueous solution of copper 

/ nitrate is obtamed by the typical methods for the preparation of salts — the 
action of mtno acid on the metal, oxide, hydroxide, or carbonate. The 
solution deposits dehquesoent oiystab of Cu(N03)2.3H20, and when heated 
to about 60°, the oiystals decompose, forming basic copper mtrate, 
Cu(N03)2 3Cu(OH) 2 Anhydrous copper mtrate, Cn(N0 bas not boon 
made 

Mercurous nitrate, HgNOg is deposited m colourless monoolinio 
crystals of HgNOgHgO from solutions of merourv in cold dilute mtm 
acid (mercury m excess) The salt dissolves in water acidulated ivith 
mtno acid, but an excess of water decomposes the salt inth the prooipita 
tion of a basic mtrate, HgOH HgNOy T£ this bo boiled with water, it is 
com erted into meroimc nitrate and mercury , if an excess of mercury bo 
also present, the basic mercurous mtrate 3HgN03.2Hg0H is formed 
Mercunc mtrate, Hg(NOj)2, is prepared by boiluig morouiy with an 
excess of mtno acid until the solution gives no precipitate inth a httlo' 
sodium chloride If evaporated over sulphuno aoid, dobquesoont crystals 
of 2Hg(NO,)3 HjO are formed If the mother hqmd bo boiled, a compound 
Hg(N03)2 HgO 2H2O IS precipitated, and if this precipitate, or mercuric 
nitrate, bo treated with an excess of cold ivater, Hg(N03)2 2B[gO H3O is 
piGoipitated as basic mercuric mtrate Thus, like mercurous mtrate, 
mercunc mtrate has a great tendency to form basic salts. 

Lead nitrate, Pb(N03)2 — mtrate is formed by dissolvmg the 
finetal, the oxide, carbonate, etc , m mtno acid The salt is deposit m 
regular octahedral crystals isomorphous mth banum nitrate AVhen 
heated load mtrate decomposes as mdioated above The aqueous solution 
IS famtly acid, and basic salts are formed when the aqueous solution is 
boiled ivith lead monoxide — ^Pb(N03)0H. Other basic salts are obtamed 
by addmg ammoma to a solution of load mtrate 


§ 9 Nitrous Aad and the Nitntes 

j In makmg sodium or potassium mtrite by the action of heat on the 
morrespondmg mtrate, it is best to mix the mtrate with a mild reducing 
Ragout like metaUio lead or iron fihngs Thus by heatmg a mixture of lead 
tfihngs inth an equal weight of sodium mtrate m a crucible Pb + NaNOa 
f= PbO + NaNOj. Digest the cold mass with water, filter and evaporate 
the solution to a small bulk, when sodium nitnte wcU separate on coolmg 
Most of the mtntes are very soluble m water, but silver mtnto is not very 
soluble in cold water It is precipitated in crystallmc needles when a 
solution of silver mtrate is added to a solution of sodium nitnte 

Nitrous acid, can bo made by^ tiding hydrochlono or sulphmio acid 
to a solution oK flie mtnto NalROo^pHCl^ "Nafff -ptofOj” If hydrogen 
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pero'ado bo added to a solution of ammonia, the lattor is oxidized to mtrouSi 

NEft-:E'^H2QU^-HND25& Ji^O Sine® .^iC®xcesCQflMQ«^^ 

is'uBwdly present, ammomum nitrite is formed Wlien ammonium mtntO| 
18 heated, nitrogen is formed (p 666) The aqueous solution of the acidt 
gradually decomposes at ordmaiy temperatures SHNOg = HNO3 -)- 2 NOV 
+ HgO The dooomxiosition is much quiokor when the solution is warmed ^ 
Nitrous acid is only knowm m dilute solutions 

The acid acts both as an ondimng agent and os a red ucuig agent 
Thus, it oxtdtzea h3'driodio acid” or pbta^um Iodide liberating iodine 
2 HI + 2HNO2 = ZHjO + 2 NO + lo A solution of potassium perman- 
ganate, however, is rapidly decolorized in the presence of sulphuno aoid 
with the forma^on of manganous sulphate The permanganate is thus 
reduced by the mtnte solution 

Constitution of mtrous acid — The formula HNO3 is confirmed by 
eleotncal conductivity measurements. There is some difference of opmion 
which of the formulie 


q>N— H. or q>N— H, or 0=N-0H 

mprosents mtrous acid The difference botw'con the first two can only 
be answered by evidence showmg whether the nitrogen atom be ter- or 
qumquevalent. Nitrocellulose and the other compounds mdicated on 
p 612 , are m harmony with ono of tho first two formulie, because m theso 
compounds the group NOj acts as a monad radicle On tho other hand, 
compounds hko mtrosyl chlonde, NOCl , mtrosyl fluondo, NOF, etc , agree 
ivith the third formula, because in these compounds the OH radicle is 
roploced by monad chlorme, fluonne, etc The evidence is thus m favour 
of a dosmotropio or tautomcno structure discussed on p 426 Ortho- 
niteous acid may bo regarded as tho final oxidation product of ammonia 
whore l^g becomes N(OH)3 This orthonitrous aad is unknown oven 
m combmation Ordinary mtrous acid is metanitrous acid, and tho 
nitrites are meta-salts 

Bulphunc acid do- ] 

^ all the mteitos in the cold Nitnc oxide is formed, whichr 
pves browmsh red fumes m the air SHNOj = HNO, + 2 NO + H „0 1 

witii^n-l 

Sute Potassium iodide is not decomposed by vnro 

^ute^ph^c or acetic acid, becomes yeUow or brown oume to S 
be^SoiSid bhie°^Mi? * present, tho solution will^ 

+ 3 HjS 0 . + 2^0, ?so^ 6F0SO/ 

2FeS04 + ELSO. + 2 HN 0 acid ; 

the mtnroSo foms^arrbrnif t ^ 

salt To apply the tost diwnlvn ti ^poiiud ivitli tho excess of ferroui/f 
Add a cold^Lturated sAlS,n nf mtrate in as httle water as possible t 
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§ 10 Nitrous Oxide, or Nitrogen Monoxide 

Molocnlar weight, NjO = 44 02 Alolting point —102 boiling point 
-80 8°, ontioal temperatare,+30 6° Vapour donsit} (O* = 32), 44 02, (airs: 1) 
1 6209 One litre under standard oonditions weighs 1 0777 gram 

Preparation — ^Nitrous oxide, aa ire have seen, is produced when nitno 
acid, specific gravity 1 1, reacts with zinc or tin J Priestley discovered 
the gas in 1772, and he made it by reducmg mtric oxide with moist iron 
filmgs, or potaraium sulphide, etc The gas is also formed by heating 
hydroxylamine mtnte NHsOH-HN02 = 2HsO + NjO Nitrous oxide, 
however is rarely prepared by these methods for experimental work. 

One most coiivement mode of preparation is to heat dry ammomum 
nitrate in a fiosk fitted with a delivery tube (Fig 04) The salt melts at 
about 165°, and it begins to decompose at about 185° The decomposition 
proceeds qmte rapidly between 200° and 240° Nitrous oxide and water are 
formed NH^N O, ==_2IL,0 -j- N^ O At 240° the decomposition is very 
vigorous, and the mixture may even explode A well dried mixture of 
ammonium sulphate and sodium mtrate is often preferred to ammomum 
nitrate because the decomposition then proceeds quietly and more uni- 
formly 4:.2 NaNO^ == Na9g0.i-+J&Q-^Ji3^ When am 

t moiuum mtrate aeoomposea very rapidly, appreciable quantities of nitno 
oxide are formed fif required for special work, the gas must be purified 
from ehlormo (formed from the clilondes contammatmg the ammonium 
nitrate), by passing the gas through a solution of potassium hydroxide, 
and from mine oxide, by passing the gas tlirough a solution of ferrous 
sulphate j 

Properties — Nitrous oxide is a colourless gas wth a faint smoU 100 
0 0 of water, at 700 mm pressure, dissolve 130 volumes of the gas at 0° , 
and 67 volumes at 20° Hence the gas is usually collected over hot water 
m order to lessen the loss due to its solubility in that hquid. The aqueous 
solution has a sweetish taste The gas is about four times as soluble m 
alcohol os m water 

Tlie gas condenses to a colourless limpid hquid at 0° under a pressure 
of thirty atmospheres. M. Faraday liquefied the gas m 1823 Liquid 
nitrous oxide can be purchased in steel cyhnders The hquid boils at 
—89 3°, and freezes to a snow hke mass when allowed to evaporate The 
sohd melts at — 102'7° The liquid forms a orystallme hydrate NjO fiHoO 
with water Both the hquid and sohd produce painful bhsters when 
dropped on the hand If hquid mtrous oxide be mixed with carbon 
disulphide and placed in a vacuum, the temperature of the mixture falls 
to -140° 

Nitrous oxide resembles osygen m its behaviour towards combustibles. 
A brightly glowing sphntor bursts into fiamo when plunged mto the gas 
Bummg phosphorus, sulphur, etc , bum vividly m mtrous oxide gas. When 
J Priestley discovered oxygen in 1774, he was already familiar with mtrous 
oxide, which he had discovered a couple of years previously Hence in 
doscnbing the brilliancy of the flame of a bummg candle m oxygen, ho said 
“I got nothing like this remarkable appearance from any kind of air 
besides this particular modification of nitrous air ” The burmng body 
decomposes the nitrous oxide , umtos with the oxygen, and leaves the 
mtrogon os a residue If sulphur bo but feebly bunung, its flame is 
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Comiushon Tube 


eshngnisbed when plunged mto nitrous oxide, probably because the tem- 
perature 13 not high enough to decompose the gas It is therefore easy to 
mistake mtrous oxide for oxygen One distm giushmg test is to add a 
bubble of suspected gas to the nitric oxide if red fumes are produced the 
gas IS o^gen Nitrous oxide does not give red fumes with mtnc oxide 
Another t^ depends on the far greater solubility of nitrous oxide in alcohol 
than oxygen 

When inhaled, mtrous oxide produces unconsciousness, and insensi- 
bility to pain Hence it has long been used as an anaesthetic for small 
surgical operations, dentistry, etc But owing to the unpleasant after 
effects sometimes produced, it is not used so much as formerly If the 
inhalation bo long contmued, it may produce death , while if but small 
quantities are inhaled, it may produce a land of hystena, or intoxication 
Hence the gas is sometimes called “ laughing gas ” As L Edgworth 
remarked (1799), after breathing tho 
gas, “ I burst mto a violent fit of 
laughter, and capered about the 
room without having the power of 
restrammg myself ” and H. Davy 
wrote (1794) after breathmg six- 
teen quarts of the gas, “ I danced 
about the laboratory as a madman ” 

The effects of the gas are not quite 
the same on different people 

The formation of nitrous oxide 
IS an endothermal reaction 2N -1- 
0 = NjO — 18 Cals Nitrous oxide 
decomposes with an explosion if a 
fulmmatmg cap be detonated in 
the gas. Nitrous oxide decomposes 
into its elements when heated, 

2 N 2 O 2 N 2 + Oj Two volumes 
of the gas fmmsh two volumes of’ 
mtrogen and one volume of oxygen^ 

— ^three volumes m all 

Composition of mtrous oxide. 

The oxygen can be withdrawn 



188 — Composition of Nitrogen 
Oxides 


ttom ni^ous onde, by sodium or potassium, or banum sulphide in an 
apparatus like that mdicatcd m Eie 156 The eouation pmnnf 1,1 

uncertointy what particular oxide is formed. With potaSum 
™ isformsd which spontaneously absorbs oxvgen when exp^ed to the 
a r The foltowmg is a better way of conducting tL exp^S 
glass or quartz tube oboutSmm bore and ifUio i ^ ^ 

metalhc copper made bv reduemo' tlift 1 filled with 
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over tho rod hot motallio ooppor into tho pipotto When the lower 
bnlb of the pipette is nearly full of gas, return the gas to the burette, 
by lowering the levelling tube When tho gas is cold, read its volume 
when the merouiy in the measuring and lovolhng tubes is at the same 
level It will be found that although tho gas has deoomxmsod, and 
ooppor oside ^ is formed, this has made no diiferonoo to tho volume 
of tho gas m tho burette This.expemnentjprovos that nitrous oxide 
contams its own volume pf^ nitrogen Or one molecule of mtrons oxide 
contains^one molooule of mtro^geh", that is, two atoms of mtrogon and tho 
formula of mtrous oxide must therefore be NjOn whore » is to be dotermmod 

One gram molecule of nitrous oxide weighs 44 027 grams 

One gram moleonie of mtrogen weighs 28 020 „ 

Weight of osygen m the moleonie 16 007 „ 

Assuming that tho small fraction here represents an experimental error, 
the number 16*007 can represent one and only one atom of oxygen, 
smoe tho atomic weight of oxygen is 16 This means that the formula for 

nitrous oxide is N^O The molooule is supposed to bo constituted 

and the mtrogon atom is supposed to bo torvalont, not univalent, os 
might bo inferred by analogy with water H 0 H , but there are other 
possibihties, e g 0=N=N Nitrous oxide appears to be the anhydride 
of hypomtrous acid NjO + HjO = HjNaO^, but mtrous oxide does not 
seem to react with water m this manner , although mtrous oxide is formed 
when concentrated sulphuno acid acts on hypomtrous aoid HjNgO, 
+ H 5 SO 4 = H 2 SO 4 H 2 O + N 4 O Nitrous oxide has also been analyzed 
g^a^'lmetnoally by determining the mcrease m weight of the copper (Pig 
188) , and also by heatmg eleotncally a weighed spual of iron wire m tho 
gas, and findmg the moreaso m weight duo to tho absorption of oxygen, 
that IS, to tho formation of feme oxide 

rsAMPiiE — 1 1670 gram of mtrous oxido gave 0 4242 gram of oxygen J nnd 
Iionco tho CCS contains 0 7428 gram of nitrogen What is tho formula of nitrous 
oxide 7 The goa oontmns 0 7428 gram of nitrogen per 0 4242 gram of oxygen 
DiMde tlioso numbers by the corresponding atomic weights, as indioated on p 
61, nnd we get tho atomic ratio N O = 2 1 Hence tho formula is (K.O)n 
But tho density of mtrous oxide is 44 0074 This corresponds with tho molooule 
NjO when tho atomic weights of oxygen nnd nitrogen are rospootii oly 16 nnd 14 01 

A mixture of equal volumes of mtrous oxide ond hydrogen explodes 
when sparked, so that 

N,0 + H, = N, + 

2voIs 2\ols 2\ols 

Tlie water condenses to a liquid, and hence its volume is noghgibly small, 
Tlio explosion IS not so violent as with olootroljrtic gas, p 62 Since 
tins method is used for determining tho amount of o^gen admixed with 
nitrogen, the process may bo dosenbod in a little more detail 

Analysis of mixtures of mtrogen and oxygen —Suppose that 30 c c 
of nitrous oxide bo transferred to a Hompol’s burette charged with mercuiy 
(p 94), and then 40 0 c of hydrogen bo added Connect tho Hompol’s 
burette wth Hompol’s explosion pipette. Fig 189, by means of a piece of 

> Bolow 360“ cuprous oxide Cu-0, not CuO, is formed, oboie 360*, CuO is 
produced 
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capillary tube and two pieces of thick walled presage tubing. The 
explosion pipette consists of a thick-walled glass bulb in which arc fused 
two platinum ivires with tips about 2 nun. apart This explosion bulb is 
connected with another bulb by 


moans of a glass tube and stopcock 
The upper end of the explosion 
bulb ends in a U-^apod gauge 
tube The explosion pipette is 
charged with mercury m such a 
way that the upper bulb is empty 
when the lower bulb is full of 
mercury, and the mercury extends 
to a mark on the gauge tube. 
Open the two stopcock and raise 
the levelhng tube of the burette so 
as to transfer the gas from the 
burette to the explosion pipette 
Allow a httle mercury to pass mto 
the pipette from the burette to 
make sure that all the gas has been 
transfened to the pipette Close 
both stopcocks, and pass a spark 
across the platmum tormmals After 
the explosion, ojien both stopcocks, 
and transfer gas from the 


Explosion Pipette 



Fio 180 — ^Analysis of Gases by 
Explosion 


pipette to the burette by depressmg the levelhng tube until the level of 
the mercury m the burette is m its former position The volume of tho 
water formed durmg the explosion is negligibly small m comparison with 
the gases from which it is formed. Bnng tho mercury to tho same level m 
both tubes and read tho volume of the gas m tho burette. Suppose 


Before Explosion 


Afier Explosion 


Volume of nitrous oxide 
Volume of hydrogen added 

Total volume 
Total volume of mixture 

Contraction 


30 c o 
40 c c 

70 c o 
40 c c 

30 c c 


If.SOcc of hydrogen have been converted mto water, 16 co of oxvcen 
must have been used for this reaction Hence 16 c c of oxygen must 
have been taken from the mtrous oxide Hence 10 c c of hydrogen wore 
added m excess of what was actually required Conseauontlv ^0 n n nf 
mtrogen remam mixed with 10 c c of hydrogen I 


§ 11 Nitnc Oxide, or Nitrogen Dioxide 
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•with mtno acid , and R Boylo (1671) noted that it formed reddish 
fumes m contact with air J B van Holmont (c 1600) know the gas, 
although hiB desonptionB seem to confuse it -with carbon dio-udo, 
probably because he had one name — gas sylvostro — ^for a number of 
different gases. 

Preparation — ^Nitno cade is prepared by the action of mtno acid, 
q^ifio gravity 1 2, upon metalhc copper or mercury The copper turmngs 
are placed m a two necked Wonife’s bottle (Fig 9) or a Kipp’s apparatus 
(Fig 12) The bottle is about one fourth filled with water, and about the 
same volume of concentrated mtno aoid is added. A rapid evolution of 
gas occurs. The gas should bo collected os soon as jiossiblo because when 
the reaction has been m progress some time, particularly if the temperature 
rises durmg the reaction, mtrous oxide and mtrogon may appear with the 
mtno oxide, as mdioated on p 513 The results are better if a httle sodium 
mtnto, say, two per cent , be added to the mixture m the Woulfe’s bottle 

! A purer gas is obtamed by reduemg potassium mtrate ivith ferrous 
sulphate aci^ed with sulphuno aoid, or ferrous ohlonde acidified with 
hydroehlono aoid KNO3 + SFeCla + 4HC1 = SFed, + Kd 4- SHjO 
2+ NO A mixture of 12 grams of potassium mtrate mth 100 grams of 
^ferrous sulphate is mtroduoed mto a flask. Fig 04, and mixed 'With 100 
I c 0 of water and 60 0 c of sulphuno acid A steady stream of mtnc cudo 
!5is evolved when the mixture is warmed According to L. W Wmkler 
1(1880) lughly pure mtno oxide can be made by droppmg a 60 per cent 
^solution of sulphuno aoid upon a mixed solution of potassium iodide and 
f sodium mtnte m the apparatus depicted Fig 47 

Properties — ^Nitno oxide is a colourless gas a httlo heavier than air 
lYheu brought m contact with air, it immediately combmet with the oxygon 
y/Ionmng brownish rod fumes of mtrogon peroxide No other gas gives I'od 
fumes when o-qiosed to the atmosphere or to oxygon gas Honco it is 
not possible to desonbo the smell, and the physiological action of this gas 
If the two gases — ^mtrio oxide and oxygon — ^bo thoroughly dnod, no com- 
bination occurs. If dry mtno oxide be passed into hqmd oxygon or hqmd 
air greomsh flocks of nitrogen hexoxide are formed Analyses give 
results correspondmg with the ompincal formula NO3 Hence the re 
action IS represented NO O3 = NO3 Nitrogen hexoxide decomposes 
spontaneously into N3O3, N3O4, and a httle free oxygen, at temperatures 
a httle above the boil^ pomt of oxgyen E Muller (1014) considers that 
the alleged hexoxide is really a mixture of NjO^, NjOb and NO 

At 0° and 760 mm pressure, 100 volumes of water dissolve 7 3 volumes 
of the gas , and at 20°, 4 6 volumes Nitno oxide dissolves in a solution 
of ferrous sulphate A “ compound ” of mtno oxide and ferrous sulphate 
iappears to bo formed This imparts a dark broivn colour to the solution 
The “ compound ” is decompo^ when heated to about 60°, and mtno 
oxide IS evolved. It is not very clear if a true compound is formed between 
the mtno oxide and the ferrous salt, because its composition seems to vary 
•with the temperature of formation Thus at 8° the composition oorre 
sponds with SFeSO^ 2NO , from 8° to 26°, about 2FeSO^ NO , and above 
26°, 6Fe&04 NO With these foots, and the law of constant composition 
bofoi-o us, wo cannot very well say that ferrous sulphate forms a true 
chemical compound with mtno oxide, p 473 Ferrous, cobaltous, mokelous, 
manganous, and chromous chlorides give similar results Nitno oxide 
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also dissolres m niixic acid forming a coloured solution ranging m tmt^ 
from brown, to yellow, to gr^n, to blueu 

Nitno oxide is difficult to bquefy At —93 6°, a pressure of 71 2 
atmo^heres is required to liquefy tbe gas The hquid is colourless if air 
be excluded, otherwise the hqmd may be tmted green or blue The hquid 
boils at —ISO®, and the white sohd melts at — IG?® 

Nitno oxide is not combustible, and it only supports combustion under 
special conditions, that is when ^e ten^perature is raised sufficiently to 
decompose the gas. The flame of feebly burning phosphorus is extm- 
guished, but if the phosphorus be bummg vigorously, combustion is con- 
tmued m the gas. Burning sulphur is extmguished, but if the sulphur 
be boihng when it is plunged m the gas combustion sometimes contmuos 
Potassium also bums in the gas forming a mixture of mtntes and mtrates 
Sodium can be heated m a tube containing the gas without the metal 
bummg A mixture of mtnc oxide with hydrogen can be sparked without 
explosion, but if the mixture be passed through a hot tube, decomposition 
takes place 2H2 + 2NO = 2HoO + N® If the tube contams platinized 
asbestos or finely divided mckel or copper (reduced from the oxides) 
ammoma gas is formed 2NO + SH^ = 2K,0 + 2KSg A slow current 
of mtnc oxide is mixed with an " ^ 

excess of hydrogen m the apparatus w , 

illustrated in Pig 190, which ex- , 
plains itself Tie dry hydrogen 
comes from a Kipp’s apparatus 
The ammoma and the excess of 
hydrogen can bo passed through a 
dilute solution of hydroohlonc acid 
or sulphuno acid to form an am- 
momum salt , a red htmus paper 
held m the stream of gas will be 
coloured blue 

Decomposition — When mtnc 
oxide IB exposed to the shock of 
a detonation from merouiy ful- 
mmate, the gas decomposes mto its 
elements. The experiment can be 
made by explodmg a percussion cap 

temperature reaches 500° The 

higher teAjmtoL,Ty?3000% ^T^per^cent Tf 

mtrogen and oxygen wiU combine to form mtnc oxide 
IS ohamctensho o^ndothermal reactions, and N -f 0 = NO — 21 6 PalX 
.^jfecjjmde^Tyditces potassium permaneanate bvflnnd « a 

half the Volume of the onemal aas ^®sidual nitrogen occupies 

con.™. . tec 



Fio 190- 


-Reduotion of Nitno 0\ido 
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therefore NO„, where n has to be determined The density of the gas is 
29 88 (Hj = 2) Hence, 

One gram moleotile of mtno oMde weighs 20 88 

One half gram molecule of mtrogen weighs 14 01 

Eqmvalent weight of oxygen IS 88 

This number, 15 88, can represent one and only one atom of oicygen, atomic 
weight 16 The formula must, therefore, be NO The vapour density 
agrees with this Hence the term nitrogen diomde for this gas appears 
to be a misnomer The name mtrogen diomde was given because mtrio 
oxide conl^lj^twice as much oxygen for the same quantity of mtrogen os 
mtrogen monoxide — ^NjO 

^ Example — W Gray (1906) found that 0 6430 gram of mtnc oxide, when 
passed over hot finely divided mokel increased the weight of the mckel 0 3430 
gram, and the hberated mtrogen when condensed at the temperature of hqmd 
oir m cocoanut charcoal, furm^ed 0 3001 gram of mtrogen IVhat is the formula 
of mtrio oxide takmg P A Guye and C Davila’s (1906) number 1 3402 for the 
density of nitnc oxide when air is umty, or 30 0124 when oxygen is 32 ? Divide 
0 3430 by 16, and 0 3001 by 14 01 We get the atomic ratio 0 02144 0 02143, which 
IS very nearly os 1 1 If the formula be EO, the vapour density is 30 01 This 
agrees with the observed result 

If mtrogen be a tnad, and oxygen a dyad, there must be one free 
valency m the graphic formula, — N=0 The facts are, if oxygen is 
bivalent, mtrogen behaves as if it were also bivalent The ready way in 
which mtno oxide mutes with other elements by direct addition rather 
lends itself to the idea that mtno oxide has a free valency Witness the 
direct combmation of mtno oxide vnth oxygen at ordmary temperatures , 
and the direct combmation of mtno oxide with ohlonne and fluonne 
forming respectively mtrosyl chlonde, NOO, and nitrosyl fluonde, NOP 
The NO group is sometimes called nitrosyl and compounds oontaimng 
NO os a monad radicle, mtrosyls In this sense, mtrogen peroxide may 
be regarded as mtrosyl oxide, NO 0 , and mtrous acid, mtrosyl hydroxide, 
NO— OH. 

Nitrosyl chlonde, NOCl, can be prepared m many other ways. E g 
by the action of phosphorus pentoohlondo, FOl^, upon potassium mtnte 
PClj + KNOj = KOI POOI3 + NOCl , see also aqua regia, p 513 
Nitrosyl chlonde is an orange yeillow gas which condenses to an orange 
coloured hqmd at —8° , and freezes to lemon coloured crystals at —65° 
It IS decomposed by water mto mtrous and hydroohlonc acids NOCl 
+ H3O = BnfOj + HCL It has no action on gold and platmum, but it 
attacks mercury, fonnmg mercurous chlonde, HgCl, and mtno oxide The 
density of the gas at 0° is 65 456 

12 Nitrogen Peroxide or Nitrogen Tetroxide. 

Molecular weight, NO- = 46 01 , N.O 4 = 02 02 Melting pomt, — 0°, boiling 
point, +26“ Vapour density dex>ends upon the temx>orature 

History — ^As mdioated m discussmg mtnc oxide, R Boyle (1671) 
knew that mtno oxide formed red fumes m air , and smee mtrogen per 
oxide is always formed dunng the preparation of mtno acid, mtrogen 
peroxide must have been reoogim»d os a gas whenever mtno aoid was made 
J L. Gay-Lussac (1816) first made its composition clear 
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Preparation — As indicated above, this gas is formed when one volume 
of oxygen is mixed with two volumes of mtnc oxide 2NO + 00 = 2N0o. 
If the gas be led throng a freczmg mixture, the peroxide condenses either 
as a hguid or as a sohd, Sinulariy, if the products obtained by heating 
a metalhc mtrate (p 617), say, lead mtratc, be similarly treated, this 
compound also condenses as a more or less impure hqmd Perhaps t^Or 
best way of making mtrogen peroxide is to put, say, 200 grams of coarse* 
lumps of arsemc tnoxide, AsoO^, mto a flask, and add 260 grams of mtnc) 
acid (specific gravity 1 4) Seat the mixture on a sand-bath, and Icadj 
the gases through a tower packed with glass wool. Fig 191, and finally'^ 
into a U-tube surrounded by a freezing mixture of ice and salt A dark' 
blue hqmd is condensed This is a mixture of nitrogen peroxide with 
mtrogen tnoxide, etc When the evolution of gas has ceased, pass a currentl 
of air or oxygen through the condensed hqmd while still in the freezing’ 
mixture untal the hqmd becomes yellowish-brown In special cases, the) 
yellowish-brown hqmd can be further punfied by mixing it with a large 
quantify of phosphorus pentoxide and strong mtnc acid Decant the 
mtrogen peroxide fromt 
the syrupy hqmd, and| f| ^ 
redis^ the mixture by! 
warmmg m hot water,; 
and passing the gases | 
through tower and . 
condensmg tube as in‘ 

Fig 191 

Action of heat on 
nitrogen peroxide — 

At low tempera- 
tures mtrogen per- 
oxide forms colourless 
prismatic crystals. 

The crystals melt at 
—9°, but owing to — Preparation of Nitrogen Peroxide 

“undercoohng” a temperature m the vicimty of -30° is sometimes 
n^e^ed to sohdify the hqmd As the temperature of the hqmd nses. 
It be^s to acqu^ a pale gieemsb-yollow tmt, which becomes deeper 
and deeper, until, at 10°, the hqmd is distmctly yellow, at 16° 

The ?oW bods and forms a reddish-brown vapom! 

« ^ ^ becomes deeper and deeper untd, at 40°, it 

IS dark chocolate brown, and almost opaque, at 140° the vanmir 

On coobng the vapour, the same changes occur m 
the werse order The effect seems to be connected mth a olianee 

m 92 02"'‘‘^a,S Tho vapour density for nA 

iiulu o* / oc — 0 ana 115 4 mm pressure to 46 0 n.f. idno >rrA 
pressure, end for mlenneaiate tem^u^ " 





Temperature . , 26 7' 

Density (H. - 2) . g 

NO- molectdes 20 0“ 


00 2 ® 
GO 2 
BOO 


100 1 " 
48 6 
79 2 


135 0® 
40 2 
99 0 


140® 

46 0 
100 0 per cent. 


* 1 , cent. 
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relative proportions of N 3 O 4 and NOg molecules at any given tompprature 
Lot ® denote the fraction of the total volume of the gas present 
as NOg, then 1 — ® will represent the fraction of the total volume present 
as NjO^ Tlie vapour density of NOj is 46, and of N 2 O 4 , 92 Hence if 
the molceular weight of the gas be M, that is, the_vapour^density, hydrogen 
2, we shall have M — 46® + (1— *)92' " Hence umt volume of the gas 
inU contain 

^_92-J/ . 

X = — — — volumes of WUj 


EvAMPtE — proportion of nitrogen porovido is present in 100 ^oIuInes 
of the gns when the \aponr density is 70 6 (H. = 2) T Hero, ilf = 70 0 , and 
a; c= 0 333, that is, the gas oontains 33 3 per cent' by \ olumo of NO. 

In the precedmg example, for every 0 333 volume of NOg there is 0 067 
volume of NgO^ Each molecule of the latter weighs twice as much as 
the former, so that the total weight of the gas must bo 0 333 + 2 x 0 006 
c= 1 667 imits when there is 0 333 umt of NOg moloeules present Hence 
there will be 0 333 — 1 607 = 0 20 umt of NO, by weight , or 20 i>or cent 
of the total weight of the gas will bo present ns NOg molecules. The por- 
oentage proportion of NO, molooiilos m the gas at different temperatures 

IS indicated m Fig 192 It is there 
fore probable (1) Colourless nitrogen 
peroxide oonsists of NjO^ moloeules, 
and coloured nitrogen peroxide of 
NOj molecules , (2) At low tempera 
turos, the molcoules are mainly N.O 4 , 
and at high temperatures, NG, , 
(3) Tlie dissooiation of NjO^ into 
NOg begins vhon the compound is in 
the liqmd state , and (4) Nitrogen 
peroxide below 140° is a mixture of 
N 2 O 4 and NO 2 moleoules, and just 
above 140°, of NOg molccides alone 
By ohanging the pressure, keepmg the temperature oonstant, simdar 
changes ocour The less the pressure, the greater the number of NOj 
molecules. Agam, when mtrogen peroxide is diluted with oliloroform, 
the amount of N 2 O 4 which dissociates mereosos with dilution os well os 
with rise of temperature Tlie freezing point of a solution of nitrogen 
peroxide in acetie oeid eorresponds with the moleeule N 2 O 4 

The facts indicate that we are hero dealing with two opposing rcaotions< 
(p 97) represented C-i 

2N02=?iN204 

The velocity of the right to loft transformation is proportional to tlie con 
centration of the N 2 O 4 molecules (p 96) , that is, the rate of dissociation 
of the N ,04 molecules is equal to where denotes the concentration 
of the N ,04 molecules expressed in, say, gram moleoules per umt volume, 
and IS the affimty constant, p 97 Similarly, the rate of combmn 
tion of the NOg + NOg molecules is proportional to the concentration of 
the reacting NOg moleoules per unit volume, that is, to W X 0, ivhero G 
denotes the conoentrntion of the reacting NO 2 molecules. For 
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these two opposing reactions will be the same, and we 
CP 


oz-q-K 


equihbritim, 

shall have _ 

h.U- = ur 

where K is the so called equiUbnum-constant The expenmental results 
m all cases mdicate that the equation 3 U 8 t obtained CP — KC-^ represents 
the condition of equihbrium of the gas with respect to the distnbution 
of tho two different kinds of molecules at different temperatures and 
pressures The numerical values of the affimty constants change with the 
temperature, but its value is constant for differences of pressure , and the 
observed resiilts agree with the formula CP = KO^ 

At about 600°, an appreciable number of the dark brown molecules 
of NO, begm to Associate mto a colourless mixture of lutric oxide and 
oxygen 2 NO 3 = 2NO + Oj (c/ p 626) The action of heat on mtrogen 
peroxide may therefore be represented by the equations 

about 20“ Between 140“ and 300“ Above 600“ 


Colourless 


2NO, 


Dark brown 


2NO + 0, 
Colourless” 


Properties — ^Nitrogen peroxide is a poisonous gas, and soon produces 
headache and sickness if but a little is present m the atmosphere ^ 

Nitrogen peroxide is not combustible, and it extinguishes the flamol 
of a taper Phosphorus, sulphur, and carbon, if bummg vigorously, mayv 
contmue bummg m the gas, but only when the temperature of combustioi^ 
IS sufficiently hi^ to decompose the gas. Nitrogen peroxide is an onergetiA 
oxidizing agent Phosphorus, carbon, potassium, mercury, copper, etc}j 
when heated m the gas, are oxidized, while the gas is decomposed ThoT 
gas hberates lodme from potassium 10 Ado , and it reduces permanganates ^ 
Action of water — Nitrogen peroxide is decomposed by water At 
low temperatures, a mixture of mtric and nitrous acid are formed NjO^ 
+ H 3 O = HNO 3 + HNO 2 , and with aqueous solutions of the alkahcs, 
the oorresponAng salts are obtamed When nitrogen peroxide is Assolved 
m water, the solution passes through a senes of colour changes — ^bluo, 
green, orange This is due to the gradual solution of the nitrogen peroxide 
m the mtno aoiA If sufficient water be present, the solution finally 
becomes colourless l^^th warm water, the nitrous acid decomposes 
mto mtnc acid, and mtric oxide SNOj + HjO = 2 HNO 3 + NO 

J Priestley (1772) analyzed air by tekmg advantage of the fact that 
when mtno oxide is added to air, mtrogen peroxide is formed, and the red 
fumes are Assolved by potassium hyAoxide Hence, if mtno oxide bo 
graduaUy added to a known volume of air, m presence of this alkali, the 
nitrogen peroxide is absorbeA The residual gas is nitrogen, all the oxvsen 
IS removed by the mtnc oxide This method is not often used becaMo 
other proves are loss troublesome The formation of acid when mtrogen 
peroxide dis^lves m ivater, and the formation of mtrogen peroxido bv 
t^ action of oxygen on nitric omde, may be illustrated by an apparatus 

~ ° — « ffledwA water 
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the dish into the globe to restore eqnihbnnin The bluO htmns is oolonred 
red by the acid formed m the globe H everything is properly regulated, 
the globe ivill be nearly filled with water, and the first rush of water will 
appear as a miniature fountain inside ilio globe 

Nitroayl — ^Nitrogen peroxide mutes directly ivith copper, cobalt, 
nickel, and iron, forming the so called nitro-metals For mstanoe, finely 
divided copper obtomed by reduomg the oxide m a stream of hytogen, 
absorbs about 1,000 times its volume of mtrogen jieroxide, much heat is 

evolved, and brown sohd copper 
nitroxyl, Cu^NOj, is formed The 
group NOo thus behaves os if it 
were a monad radicle The radicle 
NO 2 IS called nitroxyl, and com- 
pounds contaimng tlie NO^ group 
are called nitroxyls At 90°, copper 
mtroxyl is decomposed mto metallio 
copper and mtrogen peroxide 

Composition — In gaseous mtro 
gen peroxide, NOj, we have to assume 
either that mtrogen is quadrivalent, 
0=N=0 , or else that mtrogen is 
qumquevalent, 0=N=0, with a free 
valency There is no free valency 
because two mtrogen atoms are hero 
either qiunquevalent , or one is qumquevalent, and the other tervalont 

q>N-N<q , or 0=N-0-N<® 

The action of cold water on the peroxide fomung mtrous and mtno 
acid, seems to favour the second formula. Nitrogen peroxide appears 
to be a mixed anhydnde of both mtno and mtrous aoid& The composi- 
tion of mtrogen peroxide can be established first by showmg that it is 
formed by the umon of equal molecules of oxygen and mtno oxide , by 
the apparatus mdioated Fig 188, and by vapour density determinations. 

§ 13 Nitrogen Tnoxide 

tfoleoular weight, NjO, = 76 02 Meltmg point, —111® , boihng point, 2® — 
with decomposition The vapour density show that the molecule decomposes 

When a mixture ^ of mtno oxide and mtrogen peroxide is passed 
through a tube cooled to about —30°, a more or less impure form of mtrogen, 
tnoxide — ^NgOg — condenses to a bluish liquid. As soon as the temperature 
rises, the hquid dissociates NgOg = NO -f- NOg, mtnc oxide escapes, 
and leaves a residual yellow hquid of mtrogen peroxide The meltmg- 
point curve of mixtures of mtno oxide and mtrogen peroxide indicates the 
formation of a compound NgOg molting at —103° H more mtrogen 
peroxide be present, the melting pomt falls to tlie eutectic temperature 

* The gas obtamed by the action of mtno noid upon arsemo tnoxide (p 627), 
is a mixture of mtno oxide and nitrogen peroxide m nearly the nght proportions 
The same remark apphes to the gas formra by the decomposition of a 20 per cent, 
solution of sodium mtnte with qoncentrntod sulphuno acid 



Fio 193 — ^Nitrogen Peroxide 
Fountain. 

difficulty With the compound NgO., 



THE OXYGEN COMPOUNDS OP NITROGEN 


531 


—112° The tnoJade is also produced by the direct union of sohd 
niixogen peroxide "with nitnc oxide , and % the action of oxygen on 
hqmd nitnc oxide The tnoxide, not the peroxide, appears to be formed 
when nitnc oxide umtes with oxygen at temperatures below —100° Nitro- 
gen tnoxide is also formed when electno Recharges are passed through 
liqmd air In this case, the sohd tnoxide separates os a pale blue amor- 
phous powder which remains as a residue after the air has all evaporated. 
The sohd melts between —103° and —111° to a deep mdigo blue hqmd, 
which commences to decompose immediately the temperature rises above 
- 21 ° 

The compoation of mtrogen tnoxide has been established by passmg 
the products of its decomposition over heated copper, and weighing the 
copper oxide and the mtrogen (p 621) It is supposed to be represented 
either by — 


0<N=0’ or.O=N-N<C® 

The former agrees best with the fact that nitrogen tnoxide forms nitrous 
acid m contact with a httle cold water -f :i^O = 2 HNO 2 Hence 

the gas IS sometimes called nitrous anhydnde If the water is warm the 
mtrous acid decomposes, and mtno oxide and mtno acid are formed 
Accordmg to H. B Baker (1907) if the hqmd be thorouglily dried, it 
vapon^ without dissociation, fomung a gas which has a vapour density 
never below 76 (Hj =5 2), but generally much above that number (N 4 O ) 
If tl^ be confirmed, it is the only dmeot evidence wo have of the e^nce 
of the gaseous mtrogen tnoxide The freezmg pomt method of deter- 
mmmg the molecular weight m acetic acid furnished W Ramsay (18881 
mth n^bers between 80 9 and 92 7-theory for NjO, requires 76‘02 

polymerized Many reactions fonierly said to 
^r^xide* tnoxide really give a mixture of mtno oxide and mtrogen 

—Before dismissmgthe nitrogen oxides it will bo found 
the he^ad? ^ ® comparable properties-omitting 


Table XXXIII — Propeeties op the Nitrogen Omdes 


.sai & sa? pSss 


PCJ^niula 

Atomic ratio N O 
State of aggregation 
Colour 

Moltmg pomt 
Boibng pomt 
Vapour density (Ho 

Correspondmg acid 


NoO 
2 'l 

Gas I Gas 
Colourless Colourless 


-102 7 ° 
-80 8 ° 
44 


- 167 “ 
- 160 “ 
20 88 



N-O^ 

2 4 
Liqmd 
Colourless 

- 0 “ 

- 1 - 26 “ 

Varies with 
tompera- 
ture 
None 


N.O, 
2 6 
Solid 
White 


HNOs 
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Nitrogen sulphides. — The sulphides have not been so thoroughly in 
VBstigated as the oudes When a solution of diy ammonia m benzene is 
treated with sulphur ohlonde, or nhcn hqmd ammoma acts on sulphur, 
long orange red monoolmio oiystals of nitrogen tetrasulphide can bo obtamcd 
The crystals have a oharaotenstio smell, and decompose explosively at 
about 186°, although they may bo sublimed without decomposition in vacuo 
at 100° The molecular weight by freezmg and boihng pomt methods — 
solution m carbon disulphide or benzene— corresponds with the formula 
N 4 S 4 It IS decomposed by cold water, formmg ammoma and sulphuric and 
thiosulphuno acids It forms addition compounds with chlonne, bromme, 
sulphur ohlonde, etc , c p N^S^Cl, N 4 S 4 Br 4 , N^S^Br^ IVhen it is sublimed 
m vacuo over silver gauze, a blue polymende N 4 S 4 is formed The con- 
stitution of the sulphide is unknown, but it has been referred to 


or 


S=N-S— N 
S=N— S— N 


A deep red liquid is formed when the tetrasulphide is treated with carbon 
disulphide at 100° The hqmd sohdifics between 10° and 11° to a moss 
rcsembhng iodine The hqmd is thought to contam nitrogen pentasulphidc, 
NA 


Questions 

1 How would you proio that nitrons acid may act both os an oxidizing 
and os a roduemg agent ? — London Untv 

2 Give illustrations of the bohovionr of different metals towords mine noid — 
Aberdeen Untv 

3 Oolculate the percentages of mtrogen and ovygen m the oxides of mtrogon 
and show what fundamental law of ohemical combmation they illustrate (Ca s 
40, C = 12, N = 14) — Prmcelon Untv , U S A 

4 30 o c of a compound of mtrogen and oxygon were exploded with an 
equal volume of hydrogen , after the explosion 30 c c of a gas which was 
pure mtrogen remamed tVhat is the composition (bj volume) of the compound t 
Show from the experimental evidence that the gas could not have been a mixture 
of oxygen and mtrogen — Untv , North Wales 

6 what IS the action of concentrated nitno acid on (a) tin, (&) lodmo ) ( 0 ) 
sulphurous acid solution 7 — Si Andrews Untv 

0 Knowmg that ammonium nitrate when heated giies nitrous oxide, what 
gas would you expect to be produced when ammomum mtnf^ is heated 7 — R 
Galloway 

7 AVhat IS observed and what products are obtamed w hen each of the follou mg 
nitrates is heated until any decomposition which ocours is complete Copper 
nitrate, merouno mtrate, ammomum nitrate, sodium nitrate 7 How could 
nitrogen be isolated from one of these mtrates 7 — Shejjidd Untv 

8 The weight of a shilhng (Bntish comage contammg 7 6 per cent of copper) 
IS 0 grams How would you prepare pure siher mtrate from it, and how much 
would it yield theoreticolly I— Oxford Sentor Locals 

9 Outlme the operations necessary for the production of hqmd mtrogen 
peroxide from diy lead mtrate Desenbe carefully the changes m colour obseri ed 
when mtrogen peroxide is heated until it becomes colourless, and subsequently 
cooled Wnat explanation can be given of these changes 7— Sheffield Untv 

10 Give the preparation and properties of mtno omde Show how the formula 
of the gas may bo deduced from the following data — 16 0 c 0 of the gas passed 
over heated copper give 7‘8 c.c of mtrogen | the weight of nitno oxides which flOa 
a certain globe is 3 76 grains, the weight of on equal v olumo of hydrogen bemg 
0 26 gram. — Cambridge Sentor Locals 

11 Desonbo two examples of reactions vihiob may bo brought about by 
(o) the eiectno current , (5) the silent eleotno discharge , (c) the oieotno spark , 
and m any two instances desonbe exactly how the reaction may bo earned out 
expenmentally — London Untv 
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CoMPOUifDS OF Nitrogen and Hydrogen 

§ I Ammonia — Occurrence and Preparation 

Molecular weight, NH, = 17 03 Melting point, —78® , boiling point, —33 5® , 
critical temperature, 132 9® ± 0 1° Vapour densify (H. = 2), 16 97 , (air = 1), 
0 6971 One litre weighs 0 77079 gram under normal conditions 

History — ^Ammonia Tras known to the early chemists, and Geber 
describes the preparation of ammomum chloride by heating urme 
and common salt Hence the alchemists’ term — spintus salia mince 
Ammomum chlonde was first brou^t to Europe from Egypt, where it 
was prepared from the “ soot ” obtamed by burmng camel’s dung Tlio 
name ammoma seems to be connected somdiow with the Egyptian sun- 
god— Ra A mm on , ammomum salts must have been known to the early 
Egyptian pnests The term sal ammoniac was one of the early names 
for ammomum chlonde, the equivalent term sal armoniacim which 
appears m the translations of Geber’s wntings, and which was used for 
some time afterwards, was probably a mis qielhng, smee the term “ salt 
of Armema ” — salarmoniacum~vr&s apphed to common salt and to native 
sodium carbonate S Hales (1727) noticed that when hme was heated 
with sal ammomac m a retort arranged to collect the gas over water no 
gas appeared to be given off , on the contrary, water was sucked mto tho 
retort , -lAen J Priestley (1774) tned the expenment with a mercury 
^ eas which ho called “alkalme air” 

Uon Davy (1800), and others estabhshed the composi- 

Occutrence—^mall quantities of ammoma occur m atmosphenc am 
waters. It is pduced by the action of putnfyi^ bactena 

£ the soil, etc The odour of ammonia can oS 

be detected near stables. Ammomum salts are also deposited on the 
sides of cratera and fissures of the lava streams of active ^canoes and 
with bone acid m the fumaroles of Tuscany wcanoes, and 

Preparation — ^Ammoma^can he obtamed bv rfirlnomn. v., 4 — j 
m^tes, or mtntes^with nascent hydrogen (p 614p 

20 grams of zme turnings, a piece of bneht sheet imn ^ 

acid in a half-htre flask, ammoma gas is slowlv evolver? ^ uitnm 

Stan S 

tor ..tag 
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is rather important booanso upon it is based a method for determining 
fahe quantity of nitrites and nitrates in potable water 

When ammonia gas is required for the laboratory, it may bo obtamed 
from a oylinder of liquid ammoma , by boiling commercial aqua ammonia 
m a flask — Eig 194 , or by heating an mtimate mi-Kturo of oommereial 
ammonium chloride or ammonium sulphate ivith twice its weight of 
quiokbme, OaO, or slaked hmo, Ca{OH)2 The reaction is represented 
2NH4CI + Ca(OH)2 = CaCl2 + 2H2O + 2NH3 Ammonia combines with 
the ordinaiy drying agents — calcium chloride, sulphuric acid, phosphorus 
pentoxide — and accordingly these agents must not bo used with the idea 
of drying the gas A tower of quicklime, indicated in Fig 194 , is genorallj' 
employed If a mixture of ammonium ohlondo and quioklimo is to bo 
heated, a copper flask, without the tube funnel. Pig 194 , is preferable 
to glass since steam is liable to condense on the walls of the flask, tnoklo 

down, and crack the hot glass Otherwise 
the disposition of the apparatus is similar 
Ammoma is formed during the action of 
i water on some of the metallic nitndos — 
‘compounds of the metals, magnesium, 
^calcium, litliium, alunumum, etc , with 

I mtrogon For instance, with hot water 
MgaNa + 6H0O = 3 Mg(OH), + flNH, , and 
AIN + SHaO'^ A1(0H)3 + N^, etc Tlio 
action of superheated steam on calcium 
oyanamido (qv) also fumi^cs ammonia 
CaCNg + SH^O = CaCOs + 2NH3 TJio 
r yield IB 99 per cent of that mdicated by 
I tins equation The process appears likely 
Fro 104 — Proparotioa of *0 have a commercial future 

Ammonia Ammonia is formed when nitrogenous 

compounds — coal, leather, bones, etc — 
are heated m closed vessels The old term for ammoma — spinia of 
harlsTiom — ^refers to an old custom of prepanng ammonia by heatmg 
hoofs ond horns m olosed vessels. The formation of ammoma by 
heatmg nitrogenous eompounds m olosed vessels is particularly noticeable 
if the organic matter bo heated with soda lime — ^that is, qmd^mo slaked 
\nth a eonoentrated solution of sodium hydroxide In fact, this is the 
prmoiple of one of the standard methods for the determmation of nitrogen 
in organic matter The ammoma is absorbed in snlphuno acid Most 
of the ammoma of commerce is derived from the ammoniacal bquid 
obtamed as a by product in the manufacture of coal gas {qv),m the 
manufacture of iron in the blast furnace (q v ), and of producer gas This 
hqmd is boded with nulk of lime, and the ammonia which is evolved is 
absorbed by ddute sulphuric aoid— 2NH3 + HoSO^ = (NH4)2S04 The 
ammonium sulphate so obtamed orystalbiws widiout evaporation when a 
sufficient concentration has been attained It is removed by perforated 
ladles and reorystallized, or heated with miDi of hmo, and the resulting 
gas absorbed in distdled ivater to form the aqua ammonia of oommcrce 
The solution of ammoma gas in water is conventionally styled “ urnmnnKi ” 
Nitrogen and hydrogen umte directly when a mixture of the tvro gases 
IS subjected to electno sparks fPig 166 ) The reaction appears to stop 
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when about 2 per cent of ammonia has been formed, and 98 pei cent of 
gas remains uncombmed The same result is obtamcd if ammoma gas 
bo esqiosed to the eleotnc sparks, 98 per cent decomposes The reaction 
18 therefore reversible 2N^ = Nj + SHj If water or acid be present, 
the ammoma is absorbed as fast as it is formed, and the reaction proceeds 
to an end All the mtrogen and hydrogen combine The two gases 
mtiogen and hydrogen also combme ifiheated m the presence of finely 
divided iron, manganese, uramum, etc The reaction is exothermal 
N + 3H = NH^ + 11 4 Cals The amount of ammoma gas m equili- 
brium decreases as the temperature nses At 1000° the ammoma is almost 
completely decomposed. Thus, at atmo^heric pressure, and at 30 atmo 
spheres pressure 

Temperature 700° 801° SOI® 074° 

Ammonia (1 atm ) 0 022 0 012 0 007 0 005 per cent per volume 

Ammoma (30 atme ) 0 664 0 344 0 207 0 16 percent per\olumo 

2he amount of ammoma formed is considerably morcased if the pres 
sure be raised. If the gases be kept in circulation so that the ammonia 
can be jemoved from the zone of the reaction, F Haber (1906), working 
at 185 atmospheres pressure, obtamed 90 grams of hquid ammonia per 
hour from a small model apparatus Good losults have also boon obtamed 
with uramum carbide at 650° as a catalytic agent, and at 760°, and a 
pressure of 175 atmospheres The process has recently been taken up by 
the Badische Amlin und Sodafabnk for exploitmg commercially, and the 
use of iron as a catalyst at 600° has been patented 

Uses— Ammoma is used m refngeratmg machmes, as a olcansmg 
agent on account of its property of dissolving greases , m the manufacture 
of soda by the Solvay process , m chemical operations where a volatile 
alkah IS needed , etc A carboy of ammoma (sp gr 0 88) holds 88-90 lbs 

The commercial ammoma sells at about Bd per lb , and the pure at 6W 
per lb i 2 


§ 2 The Properties of Ammonia 

A^oma 18 a colourless gas with a pungent odour K inhaled suddenly. 

^ quantities bo inhaled, suffocaS 

may enrae Ammoma is a httle more than half as heavy as air, and con- 

o?am ^ coUected, like hydrogen, by the dZnward displaco- 

Action of water —The gas is extremely soluble m water oun 
of at 0" and 760 mm dmsolvos 1298 rolumaa of ^ 

710 Toluira Iho gaa can aU bo romoved from its aouSii w 

boding The groat solubdify of ammoma m water is lUufrfrAto/l w ^ 

of the apparatus mdicatedl Fig 193, 

a jar of dry ammoma be collected over mercurv Aud ^ j i 

of mercury mto a tray of water and dmi, earned on a dish 

the surface of water the absonition nf a « luorcury removed below 

cyhnder is often broken ^ The ^ecific gLvity Sthe LktiS’i 
in water graduaUy decreases L thc^ concLtmfcion ^ 
moreasM The froezmg oo™ of mmtam. of ammoma SHy 

boUme a» cylmdor ™a, ^ 
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T» F Rupert (1009), Eig 196, show three eutectics and the existence of 
two hydrates ammonia semihydrate, 2 NHgH 20 , which forms small 
needle like crystals melting at —79° , and ammoma monohydrate, 
NHgHoO, conei^nding with the so called ammomum hydroxide, 

NH 4 OH. The latter compound forms 
needle hke transparent crystals meltmg at 
—79°. Solutions of ammoma contoimng 
26 to 60 per cent of ammonia are very 
viscid at temperatures below —60° 

Considerable heat is evolved durmg 
the solution of the gas NH^ +Aq = 
NH^aq -f 8 4 Cals. If a rapid current of 
air be driven through a cold solution of 
ammoma m water, the heat absorbed os 
the ammoma is expelled from the solution 
will reduce the temperature so os to freeze 
a small globule of mercury The produc 
tionof cold IS best demonstrated by blow- 
ing air through a solution of ammoma 
standing on a few drops of water on a 
block of w'ood The beaker wall soon be frozen to the block of wood 
Refrigeration — ^The heat of evaporation of liquid ammonia is 6 7 
Cals, at —33“ This means that 17 grams of hquid ammonia at —33° 
requires 6 7 Cals of heat before it can pass mto a gas at —33° Other 
wise expressed, when the gas is hquefied, heat is liberated , and con 
vorsely, heat is absorbed when the hqmd is vaporized. If, therefore, 
hquid ammoma be evaporated, a relatively large amount of heat is 
absorbed from its surroundmgs Advantage is taken of this fact in the 

preparation of arti- 
fioi^ ice, cold stor- 
age, etc Amm onia 
gas IB hquefied by 
compression m the 
“ condensmg coils ” 
by means of a 
pump , the heat 
generated as the gas 
liquefies is con- 
ducted away by the 
cold water flowing 
over the oondens 
mg pipes, Fig 196 
The hquid ammoma 
runs mto coils of 
pipes “ expansion coils ” dipping m brme The pressure is removed 
from the liquid ammonia m the expansion coils, and the heat absorbed 
by the rapidly evaporating hqmd cools the brmo below zero The gas 
from the evaporating hqmd is pumped back into the condensing coils , 
and so the pioooss is continuous. Cans of water placed m the bnne 
are frozen mto cakes In cold storage rooms, the cold brme circulates m 
coils near the coilmg of the room to bo cooled, and returns to the coolmg 



Fio 106 — Refngeration Plant (Diagrammatic) 
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tank Sulphur dioxide and carbon dioxide ate also employed for 
refrigeration , but ammoma is more generally used 

Double Compounds — ^Ammoma is absoibed by oaloium ^ondo, zino 
chlondo, silver chloride, etc, forming double compounds Fot “S™. 
wth silver chloride below 16°, ammoma 

20°, 2Ag01 3NH3 , with calcium chloride, CaCIj 2NH3 , , 

Cadj 8NH3 , and u'lth alummium chlondo, compounds ivith 1, 3, o, o, 
and 9 molecules of ammoma have been reported , , , . > 

Liquid and solid ammonia — If the compound of silver ohlonim wtu 
ammoma be heated m one leg of a V-shaped hermetically closed tube 
immersed in water. Fig 100, and the other leg unmersed m a free^g 
— say calcium chlonde and ice — the ammonia gas condenses m the 
cold leg of the V-tube to a colourless hmpid liquid Like water, hquid 
ammoma is a bad con- _ 


duotor of electnoity 
Tlie hqmd boils at 
—33 6°, and sohdifies 
to white transparent 
crystals at —78° 
Oxidation of am- 
moma — ^Ammoma is 
a non - supporter of 
ordmary combustion 
and it IS incombus- 
tible m ail It bums 
in oxygon, forming 
mtrogon, -water, and 
small quantities of am- 
monium mtratc, and 
mtrogen peroxide If 
ammoma be mixed 



Oxygen 



Fir 107 — Combustion 
of Ammonia 


Fio 108 — ^Kraut’s 
E-tpenmont 


with oxygen, say, by bubblmg a stream of oxygon through a small 
quantify of concentrated ammoma ivarmed m a flask, the gas issumg 
bx>m the flask can be igmted, it bums -with a y^ow flame In 
a few moments the solution m the flask -will bo too dilute to show 
the flame By sending a jet of ammoma into the air holes of a 
Bunsen’s burner, the flame will he found to expand, and acquire a 
yellow tinge The effect is shown better by dehvenng a jet of ammoma 
mto the centre of the tube of a Bunsen’s burner If a stream of oxygen 
be sent mto a cylmder fitted as shown m Fig 197, and a stream of ammonia 
bo sent mto the same cylmder through a wide glass tube, the ammonia 
can be Igmted, and it will bum -with a yellowish flame InK Kraut’s ex- 
periment (1865), a stream of oxygen is sent through a concentrated solution 
of ammonia in a beaker m which is suspended a spiral of thm (i mm ) plati- 
num wire (recently igmted), Fig 198 K the current of oxygen be veiy slow, 
the platinum iviro iviU glow led hot, and the beaker ivill soon bo filled inth 
brown fumes of nitrogen peroxide If tlio current of oxygen he faster 
a smaU explosion wiU occur every now and agam the first explosion will 
be stronger than the second, the second stronger than the third, etc and 
the solution m the beaker will be found to eontam both animoninni 
mtnte and mtiato Here the platinum acts as a catalytic agent (p 132). 
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If a mixture of ammoma and air bo passed through a tube (Eig 190) ^ 
containing hot platmized asbestos, lutnc acid is formed NHj + 20o = 
H5O + HNO3. A mixture of ammonia and oxygen explodes violently when 
Ignited 4NH3 + 3O2 = 2N2 + -An aqueous solution of ammoma is 

oxidized to ammomum mtntc and mtrate and hydrogen peroxide by ozone 
Action of ammonia on the metals — ^When magnesium is heated in 
ammoma gas, it forms magnesium nitnde, Mg3N2 ^ mdicated on p 534, 
the mtndes give ammoma when treated inth water Several other ' 
mtndes are known, e.g GajNo, AIN, etc IVhen ammoma gas is passed 
over hot sodium, a compound NH^Na — sodamide — ^is formed. Sodamide 
IS made by heatmg, say, 3 grams of metalho sodinm in a deep mokol boat, 
m a combustion tube, between 300° and 400° in a current of ammoma dried 
by passmg it through a tower of soda hme Hydrogen mixed with the 
excess of ammonia escapes The reaction is represented 2NH3 + 2Na 
= 2NH2Na + Hj The amides of potassium, sodium, etc , are usually 
decomposed by water fomung ammonia, and the hydroxides of the metals 
Action of chlorme on ammoma — Chlorme decomposes ammonia 
gas forming nitrogen (q v ), and hydrogen chlonde. The latter mutes 
mth the remaining ammoma forming ammomum chlonde If ammomum 
chlonde bo treated with an excess of chlonnc — say, by mvertmg a jar of 
chlorme over a ivarm (30°— 10°) concentrated solution of ammomum 
chlonde — yellow oily drops of mtrogen chlonde, NCI3, arc formed Tlio 
reaction is endothermic N + 3C1 = NClj — 42 Cals Nitrogen chlonde 
IS one of the most explosive substances known It was discovered by 
P L Dulong in 1811, who continued to work on it after it had caused him 
the loss of three fiBgors and one eye It explodes violently when in contact 
mth man;v oigamc substances, exposure to sunlight , and also spontaneously 
Nitrogen chlonde is also formed when a solution of ammonium chlonde is 
oloetrolyzcd , it is also formed when a lump of ammomum chloride is 
suspended m a concentrated solution of hypoohlorous acid, HOC3, and 
smee mtrogen dilonde is hydrolyzed by water mto ammoma and hypo* 
ohlorous acid, the reaction N^ -f- 3HOC1 ^ 3HOH + NCI3, must bo 
reversible Q^e compound is more stable when it is dissolved m certam 
solvents, say carbon tetrachlondo, CC34 Concentrated hj'drochlono acid 
and ammoma both decompose mtrogen chlonde fomung ammomum 
chlonde and chlorme m the one ease , and ammomum chlonde and mtrogen 
m the other Monochloramide — NHjCl — ^is obtamed bj" addmg, say, 
50 c 0 of a solution of 3 7 grams of sodium hjqioohlonte — ^freo from an 
excess of chlorme — ^to 100 00 of an aqueous solution contammg 0 86 gram 
of ammonia The hqmd ceases to smell of ammonia, and m its place, a 
penetratuig smell of monochloramide, NHsCl, is dev eloped NH3 + NaOCl 
= NaOH -f NHjOl Some mtrogen is at the same time evolved owing 
to the decomposition of the monochloramide 3NH2CI = N. -f NH4OI 
+ 2HCk The rdation of these compounds to ammonia vnll appear from 
the graphic formulae 


.H 

N^H 

^H 

Ammonia 


/Na 

NfH 

^H 

Sodamide 


/Cl 

N^H 

^H 

Chloraimde 


/Cl 

N^Cl 

>titrogen clilonde 


1 The air is driven through a hot solution of ammoma, and then passed over 
he platinized asbestos 
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Nitrogen iodide, NjHgIg — The chocolate coloured amorphous po'vrdor 
of nitrogen iodide obtained by the action of aqueous solution of amnioma 
upon iodine — either sohd or m solution — ■•was once thought to be NI3 
analogous "vvith nitrogen chlonde, NCI3 The compound decomposes 
readily both in diffused dayhght, and m the presence of the liquids em- 
ployed m washmg the powder pnor to analysis An exact determination 
of the composition of the pure substance is therefore difficult, and different 
results hare been obtamed with shght variations m the mode of prepara- 
tion Many have demonstrated that the compound contams hydrogen ; 
and, m consequence, the formula has been vanously given as NJEI^Ig, NH<J, 
NHD, etc 


Nitrogen iodide is prepared m a state of punty by the action of ammoma 
upon an aqueous solution of potassium hypoiodite, EIO, in the presence 
of excess of potassium hydroxide If the solutions employed be not too 
concentrated, mtrogen iodide separates in browmsh-red crystals ■with tlio 
ultimate composition N2H3I3 This may mean that the substance is a 
compound of mtrogen iodide and ammoma— H3N NI3 The reactions just 
mdicated throw some hght on the constitution In the first case, ammonium 
hypoiodite is probably first formed by the action of amn^omn. on the 
solution of lodme lo + 2NH4OH = NH^IO -h NHJ -f H, 0 , and with 
potassium hypoiodite KIO 4 - NH4OH = NH^IO -f KOH ‘ The unstable 
hypoiodite spontaneously decomposes producing the compound in question 
3NH4IO ^ N2H3I3 -f- NH4OH -f- 2H3O This reaction is to some extent 
reversible, and a small quantity of ammonium hjrpoiodito is reproduced 
when mtrogen iodide is suspended in dilute ammonia and esposed to liglit 
The main action dunng the decomposition of mtrogen iodide in hght 
m a simple decomposition into mtrogen gas and hydrogen iodide 
NjH^Is — ^2 + 3 HL The action is further compheated by the inter- 
action of the hydrogen iodide with the still undecomposed sohd Drv 
mtrogen iodide exposed to hght behaves m a similar manner Nitrocon 
iodide 18 rapidly decomposed by acids and alkahes. Although moist 
mtrogen iodide can be handled without much danger of explosion the drv 
compound is very explosive Explosions are said to have been nrodneed 

aqueous^solution turns red htmus blue, yeUow 1, 

inducts eleotnoity, and in general reacts like a base Indwdrt m sudmS 
that a moMe of water combines with'a molecule of ammom^tSm^ 
solution of ammomum hydroxide NIL + H ,0 == NH OTT 
aqueous a^onia is sometimes caUed aiSiom^ hyS^df^ S ^ 
aqueous solufeon of ammoma be neutralized with an^a^iT mVr,? ¥ 
phunc or hydrochloric acid-tho correspondmg anmon,,™ i 

— -anunonium mtrafx^ Tcn ^ ^ fl’D^omuzn salt is formed 

o "H4NO3, ammomum sulphate, NH,HSO nr 

, ammomum chlonde, NH,C 5 I It T«nl1 1,0 
^ l™ dealing mth a amralent i.rf.XWt.i'S .a ’™ 
m lOT^g of the name does not make tto mS aw 
than if It were nameless The fact that hypothetical 

senes of salts closely analogous with thp appears to form a 

inat^atod many toLk frtT^powdt^ wt™ 

compound, AH4, -vnth a corporeal existence. 
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The sulphoiuiim bases, SE'^OH, of oiganio ohomisfcty aro rolatod 
to hydrogen sulphide, HoS, similar to the iray ammonium hydroxide, 
NH4OH, 18 related to ammonia, NH3 

§ 3 Ammonium Amalgam. 

Wlien a little meroiiiy amalgam. A, Eig 190 , containmg about one 
per cent of sodium or potassium is placed m a solution of ammonium 
chloride, the mercury snclls up into a frotlij*^ mass, illustrated in B, Fig 199 , 
thirty tunes its origmal volume The inflated moss can bo comprcsscti 
01 expanded by raising or lowering the pressure If mercury bo brought 
into a concentrated aqueous solution of ammonium, and a current of 
electricity bo passed through the solution in such a way that the cathode 
dips mto mercury (Fig 200 ), the morcurj' sivells up in a similar manner 
If the temperature bo kept below 0 ®, the amalgam slioivs little tendency 
to inflation 

It IB supposed that a true solution of ammonium NH^ in mercury 
IS formed, whioh rapidly decomposes into morcuiy', hydrogen, and 
ammoma when warmed above 
0 ® These gases, entangled 
wnth the merouiy, aro said to 
cause the frothing Others 
consider that the amalgam is 
a more solution of ammonia 
and hydrogen in morourj 
Against this view it is uig^ 
that (1) neither of these gases 


Fio 100 — ^Ammomum Amalgam 

(ammoma or hydrogen) alone or mixed together will dissolve in this manner, 
( 2 ) the gases boar to one another the ratio 2NH3 H^, ( 3 ) when ammomum 
amalgam prepared at 0® is brought into contact with cold solutions 
of copper, oa^ium, or zmo sulphate, some of the metal is precipitated 
and ammomum sulphate is formed it is supposed that flNH^ 
CUSO4 = Cu (NH4)2S04 Neither zinc nor cadmium are reduced to 
the metal by hydrogen or ammoma 

§ 4 Ammonium Salts 

The ammomum solts ore usually very soluble m water, and when the 
solutions are boiled, partial decomposition occurs The solution, origmally 
neutral, may become aeid owing to the volatilization of more ammoma 
than aeid. When the ammomum salts are heated with the fixed alkahes 
— ^potassium or sodium or caleium hydroxides, or ealoium oxide — ^tho 
ammoma is volatilized Hence the old term volatile alkali for ammoma 




Fio 200 — Ammonium Amalgam. 
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Identification of ammonia and ammonium salts —{1) 

Balts are heated TVith an alkali or hme, the charactemtic simR of 
ammonia is obtained, (2) lYith hydrocUoroplatmic acid, they &ve a 
rellow precipitate of ammomnm ohloroplatinate , (3) Nessler s reag < 
mves a yeUoTT coloration The intensity of the tmt mth a given con- 
centration is nearly proportional to the amount of ammoma present 
Ammomum sulphate —This salt is usually made from gas hquor 
as mdicated on p 711 It is also formed by the neutralization of ammonia 
uith dilute sulphuric acid- It is used pnncipally as a fertilizer, and also 
m the manufacture of ammomum compounds 

Ammomum mtrate —This salt is used chiefly in the preparation of 
mtrous oxide , and in the manufacture of fireworks and explosives For 
instance, the explosive “ ammomte ’ is said to contam between 80 and 
90 per cent of this salt Four different types of crystals are known, each 
has a defimte transition temperature The ordmary crystals are 
rhombic, and isomorphous with potassium mtrate The heat of solution is : 
2NH4NO3 -f 400 Aq = —12 G Gals If 60 parts of the salt bo dissolved 
in 100 parts of water at 13°, the temperature of the liquid falls to about 
—13° , and if the uater be at 0°, the temperature of the liquid falls to 
about —16° Hence a mixture of ice and 
ATTimn niiiTn mtrate IS a valuable mixture for 

reducing the temperature below the freezmg ^ Sublimate T 
pomt of water Ice and common salt is ^ Jm 

often used for the purpose Such imxtures ^ 

are called freezing mixtures (p 245) 

Ammomum mtnte — ^Ihis salt is made 
by saturatmg an aqueous solution of am- 
moma with mtrous acid, or by addmg 
silver mtrite to a solution of ammonium 

chlonde. When heated the solution decom- j-jg 201 —Sublimation o£ 
poses mto mtrogen and water, so that Ammomum Cblonde 
the crystals caimot be prepared by evapora- 
tion m the ordmary maimer The solid can be obtamed by evaporating 
a clear aqueous solution of the salt over sulphuric acid tn vacuo at ordinary 
temperatuies , or better, by adding ether to an alcohohe solution of the 
salt when crystals of ammomum mtnte separate Very httle gas is 
evolved if the salt be heated tn vacuo below 40°, on coohng most of the 
salt crystallizes, at 70°, the salt slowly decomposes and a large part 
sublimes. 


Fig 201 — Sublimation o£ 
Ammomum Cblonde 


Ammomum dilonde — If ammoma gas be brought m contact with 
hydrogen chlonde, dense white fumes of ammomnm chlonde are formed 
NH3 -f HCl = NH4CL This can be illustrated by placing a bottle of 
aqueous ammoma alongside a bottle of hydrochlonc acid, and blowing 
across the mouth of the one bottle to the other Ammomum chlonde is 
made by m i xm g an aqueous solution of ammoma and hydrochlonc acid, 
and by passing ammonia gas mto dilute hydrochlonc acid. The lastl 
named process is usually employed on a manufactunng scale The crude 
product IS punfied by heatmg the sohd m a large uron or earthenware pot 
with a dome-shaped cover. Fig 201. The ammomum chlonde volatilizes 
and the sohd condenses as a white crystalhne fibrous mass inside the 
cover Most of the impunties remam in the vessel The process of 
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vaponzmg a solid and condensing the vapour book to the solid condition / 
IS called sublimation Ammoninm chloride is a white granular, fibrous, / 
ciystalline sohd, with a sharp solme taste It dissolves in water and at | 
the same tune lowers the temperature The heat of solution is — 3 7 Cals. / 
Ammomum chloride is used for chargmg Leclanoh^ cells , as a con- ' 
stituent of soldenng flmds, to protect metals from oxidation dunng the' 
Eoldenng It is also used in galvanizmg iron, and m the textile mdustncs.' 

§ 5 The Dissouation of Ammonium Chloride 

The vapour density (Hj = 2) of ammomum chlonde at 350® m 29 04, 
and at 1040°, 20 75 The theoretical value for the molecule NH^Cl is 63 6 
Hence we caimot be deabng with that molecule at the temperatures named 
Suppose the vapour of ammomum chloride be dissociated so that a mixture 
of equal volumes of ammoma and hydrogen chlonde is formed corresponding 
with NH4CI = NHg -f HCL The vapour density for complete dissociation 
would then be 26 76, that is, half the value for NH^Cl — that is, V of (17 
36 6} The expenmental result thus shows that dissociation is nearly 



Fig 202 Fio 203 

Dissociation of Ammoninm Chlonde 


complete Applymg the method of p 527, it follows that the vapour 
contains about 17 per cent of ammonium chloride, and 83 per cent of 
a mixture of equal volumes of ammoma and hydrogen chlonde 

Accordmg to H. B Baker (1894), if the vapour density bo determined 
m a vessel of hard glass with a thoroughly dned sample of ammomum 
chlonde, the number is qmte normal, namely, 53 4 This ^ows that the 
dry salt does not dissociate qmckly enough to affect the determmation 
Obviously, too, the moisture is a catalytic agent which accelerates not only 
the dissociation, but also the formation of ammonium chlonde from 
ammoma and hydrogen chlonde 

The dissociation of ammomum chlonde under ordmary conditions is 
easilv illustrated by takmg advantage of the difference m the speeds of 
diffusion of the two gases ammoma and hydrogen chlonde The process 
of atmolysis (p 107) can be used. Let the stem of a clay pipe be fixed by 
corks m a ha^ glass bulb tube with some sohd ammomum ^onde m the 
bulb, as illustrated m Fig 202 The mouthpiece of the clay pipe is con- 
nected with a rubber blower One cork is fitted with an exit tube 
A stnp of red and a stnp of blue htmus paper are placed in the bowL 
WTien the ammonium chlonde has been heated for a short tune, blow a 
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very gentle current of air through tiie stem of the pipe The red htmus 
ivill bo coloured blue by the ammonia gas which hfiuses through the 
porous earthenware much faster than the hydrogen chloride The issumg 
vapour of ammomum chloride reddens blue litmus Another instruc- 
tive way of showmg the same phenomenon is as follows Place a little 
ammomum chloride near the middle of a piece of hard tube (Fig 203), and a 
little lower down the tube place a piece of blue htmus paper Place a loose 
plug of asbestos a httle above the salt, and then a piece of red htmus papoi 
Heat the ammomum chloride The ammoma being the hghter gas, diffuses 
mote quickly than the hydrogen chloride Consequently, when the 
ammomum chloride is heated, the blue htmus will be reddened by the 
excess of slow diffusmg hydrogen chlondo in the lower part of the tube , 
and the red htmus will be blued by the ammoma which passes to the 
upper part of the tube before the hytogen chlonde 


§ 6 The Composition of Ammonia 

1 By explosion with oxygen — Repeatmg an old expenmont of 
0 L. BerthoUet (178S), if ammoma gas bo sparked m an apparatus, say. 
Fig 160. the volume of the gas iviH be nearly doubled m a short tune oumg 
to the dissociation 

2NH3^N2-f SHa 
2 volumes 4 \ olumes 

As inioated above, about 98 per cent of the gas dissociates in tlus manner 
flux tiw dissociated gas with sufficient oxygen to give an explosive mixture 
mth the hydrogen, and spark the mixture The contraction will mdicato 
tlio amount of water m the gas E g 


Volume of ammoma 
Volume after sparking 
Volume after addmg oxygen 
Volume after the explosion 
Contraction 


10*0 CO 

10 0 c c 
72 3 c c 
40 9 c c 
22 4 c c. 


^ ® ® formed, two- 

® C .represents the hydrogen ohtamed from the 10 c c 
^ mmnonm ^d for the experiment Hence 10 c c. of ammoma furnish 

and 5 c.o of mtrogen, that is, three 
lie hmte of tho 

a concentrated aqueous solution of ammonia 
1 17), nitrogen and hydrogen ate evolved at 

ol^trodes very nearly m the ploportion one volumTof 

a The aqueous ammoma does uot condSit 

3 By A W Hofmann’s volumetric method *i. .j 

^W,diYj(iodiiitottoe o,LlS 

Soou.. ao moro ammoma ,a aSd^, aZtaTalTitSo 
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arc formed , muoli heat is evolved. Hence it is best to make the ovpen- 
ment ivith the tube immersed m a oylmdor of water When an cvcess 
of ammonia has been added, nentrahze the excess with dilute sulphuric 
acid. The gas m the tube was origmally at atmospheric pressure, it is ' 
now under icduced pressure To restore oquihbnum, a long tube is filled 
with dilute hydrochloric acid, and the long log allow^ to dip in a beaker 
of dilute hyibochlorio acid while the short log is attached to the funnel 
os mdicatod in the diagram. Fig 204 Open the stopcock, and hqmd will 
run mto the tube until it reaches the second mark on the tube The tube 
now contains one volume of nitrogen The mtorpietation of Hofmann’s 
expenment is as follows The hyc^gen of the ammoma and the olilonne 
combine in equal volumes to form hydrogen chloride The hydrogen 
chloride combmes with the ammonia to form ammomum chloride The 
tube origmally contamed tliree volumes of chlorme 
This chlorme has taken three volumes of hydrogen to 
form hydrogen chlonde, etc The latter dissolves m the 
hqmd m the tube, and hence is without influence on the 
volume of the residual mtrogen The throe volumes 
of hydrogen ivere combmed m ammonia with the one 
volume of mtrogen which remams m the tube This 
proof IS mgomous. 

4 The vapour density of ammonia and Avogadro’s 
hypothesis — ^The three proofs just considered ‘ show 
that three volumes of hydrogen oombme with one 
volume of mtrogen to form ammoma. By Avogadro’s 
hyiiothesis, the number of molecules which combine are 
m the same ratio , and smeo the two gases hydrogen and 
mtrogen have diatomic molecules, it follows that am 
moma contains three atoms of hydrogen for one atom 
of mtrogen Hence the formula of ammoma must bo 
NHj, or NjHg, etc The vapour density of ammonia 
j-jg {Sn = 2) IS nearly 17 If the atomic weight of hydro 

rnann’s Ap ^ mtrogen 14, the molecular iveight of 

poratus ammoma is 17 This agrees ivith the number obtained 
for the vapour density^ Hence the formula of am- 
moma IS NH 3 Hero the nitrogen atom is lervalont, and occordmgly the 
graphic formula for ammoma is 



g>N-H 

5 Gravimetric analysis — ^Tho composition of ammoma by weight can 
bo venfied by gravimetric analysis. Ammoma gas is passed over a tube 
contaimng heated copper oxide The resulting -water is weighed — ^Fig 14 
— and the volume of mtrogen passing along is detornuned, and the corro- 
sjionding iinight computed (p 67) The numbers so obtomed give the 
combining proportions of hj drogen and mtiogen in ammonia. Ihe result 
shou’s that 14*01 parts of nitrogen are combuicd mth 3 024 parts of 
hydrogen. The molecular formula is then to bo established by Avogadro’s 
hypothesis . 


' Other^ are available if needed 
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§ 7 Molecular Compounds and Compound Salts 

flintnonia — A W Hofmajoi 

It seems as if tervalent mtiogen in ammoma, NH 3 , o^gM 

Tnfrncr<>T> in formiDB ammoniuDi chloride, NH^Cl But tne 

ready dissociation of ammomum oUonde into ^ 

chlonde led A Kekul^ (1864) to assume the ciastenco of what he designated 
“molecular compounds” Kekul^ applied the term 
pounds” to those compounds m which all the atoms of the 
^ united m such a way that their valencies aro saturat^ i 
said Kckulfi, “are the true chemical molecules, and the only ones 
w^eh ^st m the gaseous state ” He assumed that the atoms 0 
didorent molecules could attract one another so as to produce a W of 
eSuphng of the molecules The nature of the atoms of the copulated mole- 
cules may be such that double decomposition is not possible, and the 
tivo molwules, so to speak, adhere and form a group endowed inth a 
cortam amount of stabihty. which is always lera than that of atomic 
combmation ” In other words, Kekuld assumed that molecular com- 
pounds are formed by direct addition of two or more simple molecules, 
and the simple molecules retain to some extent their individuahty, for 
they can be readily separated from one another apparently unchang^ 
Kokul 6 cited as examples of molecular compounds ammomum salts, 
phosphorus pentachlonde, lodmo tnchlonde, crystalline salts winch 
furnish anhydrous salt and water, etc The compounds of silver 
chloride and ammoma, ferrous sulphate and mtnc oxide, etc , can bo 
added to the list To sum up Kekuld’s position m order to make the 
theory of constant valency compatible with the existence of more complex 
molecules, it was assumed that these “ molecular compounds ” belonged to 
a different type of combmation The question is not so easily answered 

If ^osphorus m phosphorus tnfluonde, PFg, be tervalent, phosphorus 
pentafluonde, PF 5 , must, accordmg to Kekul4, be a molecular comi>ound 
of PFg and Fj , and, as sUoh, PFg should be unstable and break doim into 
its two atomic constituents when heated Accordmg to T E Thorpe 
(1876), phosphorus pentafluonde is a gas stable at high temperatures 
Hence the valency of an element depends on the number of atoms with 
which it IB associated, or else toe molecular compound is more stable 
than Eekul4 supposed 

V Moyer and Lccco (1874) applied an mgemous experiment to test 
whether mtrogen bo ter- or qiunquevalent m the ammonium salts. It 
18 undoubtedly tervalent m ammoma, NHj Meyer and Lccco’s argu- 
ment -will appear from toe followmg considerations In orgamo chemistry, 
a senes of compounds is discussed m which the hydrogen atoms of ammonia 
are replaced, one by one, wath equivalent univalent r^clcs — ^methyl, OH, , 
ethyl, CoHg, — ^to form a senes of compounds called the amines or 
substituted ammonias in u Inch mtrogen is undoubtedly tervalent Thus 

g>N-H ^>N-H 3>K-0,H. 


^ 

Ammoma Metliylamme Dimctbylanune Tnmethylamine 


Dimethylethyl- 

amine* 
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Liko ammonia, ( 1 ) the amines combine dirccUy with oticls to form 
compounds resembling the ammonium salts, tg trimolhvhimine mutes 
dircolly mlh hydrogen olilondo to form tnmcthylammoniiim chlonde 
NlGH^la + HCl = NH(CHj)3Cl , and ( 2 ) the nmincs combine mth mothjl 
or ethyl iodides, etc , to forAi corresponding compounds E g tnmothj 1 * 
amine unites mth ethjl iodide NlCHa), + CnHjI = N(CII3)302 HbI 
The jiropcrtics of the compound NfCHOjC^jI formed bj' the umon of 
N(CH3)3 mth CjHgl are identical mth the compound N(CIl3)3C.H6 CH,I 
formed by the union of NfCHaljCjH^ mth CH3T Conscquentlv, the tu-o 
compounds must ha^ c the same constitution And it is inferred that the 
ammonium salts cannot be molecular compounds as postulated by 
Kekule and Riat the nitrogen in ammomum compounds is not tcrvalcnt 
but rather qumquevalent. This is xnrtually Ampdre's ammonium theory 
propounded in 1816 The argument is not quite sound, because it is possible 
that the groups arc rearranged during tiio foniintion of the conqiounds 
by the diflercnt processes, so that the most stable conflguration is nlnajs 
formed , and one final product is obtained by tho two diflercnt reactions 
This subject mil bo resumed alien discussing Werner’s tlieoiy 

Ta o or moro simple salts, as ao ha\o seen, each primanlj fonned by 
the union of base and acid, maj unite to form other salts — compound salts 
of greater complexity, (-omolimes called molecular compounds Tlio 
compound salts are often anil erj stallizcd, and tlioj are frequently formed 
bj roplacuig one or moro molecules of tho aator of ciystnllizatiun bj equi- 
valent molecules of another talt. There arc three tjqics indicated in aliat 
pitictdes 

1 Mixed crystals and solid solutions — Potassium jiorohlnratv and 
potassium permanganate arc isomorphous, and form mixwl erj stals of all 
shades of colour ringing from a faint pink to a deep jmrjile according to 
tho rolati\o proportions of tho tao salts 111 tho erj stals Tlie plijsioal 
properties of tho muicd ciystals arc additive, that is, coiitmiious functions 
of their compositions, and aqueous solutions of the mixed on’stols gno 
reactions oharaotonstio of their components — in tho present example, of 
potassium porohlorate and jicrmanganatc Tho tuo salts fonn co stals 
containing all possible proportions between 100 per cent jiotassium jier- 
chlorato and 100 per cent potassium permanganate, as discussed under 
Rotgor’s law [qv) 

2 Double salts — ^As in tho case of mixed crj’stals, aqueous solutions 
of double salts gi\o reactions oharaotonstic of tho comjioncnt simjilc 
salts, but tho phjsioal properties of tho solid salt are not ncccssanly 
additive, and tho compoiioiit salts only umte in siniplo molecular ratios. 
Eor instance, hthium olilondo, LiCl, and green ouprio olilondo, CUCU2H2O, 
unito to form rubj-red erj stals , and an aqueous solution gi\cs reactions 
oharaotonstio of ohlondcs, copper, and hthium Zt is pure ohanco if tho 
composition of a mixed oiystal happens to bo in simple molecular ratio 
sinco a variation in composition of tho mother liquid from iiliich tho 
oiTstnls are deposited mil bo attended bj a vanatioii in tho com- 
position of the ctystals A change in tho composition of tho liquid may 
change the comxxisition of tho compound salt, but the cliango will be 
abrupt, not giadual, in harmony mth tho lau of multiplo proportions. 

3 Complex salts or salts of complex acids As m tho cose of doublo 
salts, tho component simple salts of tho so called complex salts aro 
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combined in a simple moleonlftT x^tio, and the rosolting compound salt is 
quite distanct from a mecliaracal nnxtuie of the component salts , and unlike 
double salts, the chemical properties of a solution of a complex salt are 
different from the propertaea of solutions of the component salts Tlio 
term “ double salt ” is often applied somewhat loosely to compound salts 
formed by the nmon of one or more molecules of one sSdt with one or more 
molecules of another salt , but, as W Ostwald said m 1889, the term 
''double salt” should not be applied to combinations of two salts 
which give reactions different from those of the constituent salts 
For example, tho complex salt potassium ferrooyamde is a compound 
salt formed by tho reaction 4KGy -h FoOyj == K^FeCyg The product 
of tins combmation does not give tho analytical reactions characteristic 
of potassium cyamdo nor of ferrous cyamde In tho language of tho ion 
theory, this is expreijacd by saying that the ions of complex salts in 
solution are different, and the ions of double salts are similar to 
the ions of the simple salts from which they are denved Tho ions 
of potassium cyamde (neglecting secondary reactions) are K and CJy* , 
and tho ions of ferrous cyamde, Fe and Cy' The ions of potassium 
ferrooyamde, on the contrary, ore K and 'SeGy^"" There are, therefore, 
no ions of C5y' and of Fe m an aqueous solution of potassium ferrooyamde 
The physical propertaes of a double salt in solution may or may not be 
different from those of a simple mixture of the constituents In tho 


linutmg case, tho physical properties will be additively those of their 
components, but m some cases, this is not tho case For mstanoe, tlio 
sohd double salt Fe0l3 2 ECLH 2 O is red A concentrated aqueous solution 
of the double salt, or of an equivalent mixture of tho component salts, 
at 16“ has the characteristic yellow tmt of feme ohlondo, FeClg, but at 
about 30“ the yellow colour gives way to red. Tins is supposed to show 
that tho double salt is not dissociated into its constituent molecules at 30° 
but It IS dissociated at 16“ Feme chlonde alone m solution docs not give 
the red colom at 30“ Similar remarks apply to many otlier physical 
propt^es of double salts A complex salt might dissociate under certain 
conditions of temperature so that jt acts as a double salt at one temperature 
and as a complex salt at another ^ * 


atOTtoa^“pMte^s but^olTsatsl^imderaVes^ofSz'^^ 

f j of hydroxylamme hydrochloride — Hydroxylmame 

IS formed by the reduction of mtrio^euutDQj«ad. or 

of be passSlSgTSlSn 

of to dissolvmg m hydroohlono acid 2NO + SH, = 2 W 0 
solution wdl contam a oompoimd of hydroxylamfSTaOT^roS chlonde 
hydrocUonde-Md also tm ohlondo Vo TI iSlTbo 

ntTTIflfiainfr 1iTr^T</>fTaTv 41. 1 . jv * . 


§ 8 Hydroxylamme 


.loohol On eoay„;;sraro 

hydroohlonde, HH,0 HOI, me obtained Hi drowlnmme^^h^ T 

»d T Haga’s pmooas (1806), m wboh snlpte aS n inS SH 
solution contammg eqmmoleoular proportions of sodium 5 

nttr^ n a nio» oasdy oondnotod ^Ls S a gSd ^11"*”“*” 

The preparation of hydroxylamme,— To isnlntp t 

dissolve the hydroohlonde m methyl alcohol and add soS^SthvS 
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(obtftinwl by di<Jsolving molAlbo sodium in nii’tlnl alcolinl) 'Jofbiim 
chloride ii preoipd-atwl in tlio nlcohobc Fohition Iiltor nfl the luKhum 
chloride, nnd removo the nlcohol b^ distillition — nt first under ordinary 
pressure and then under rwluced pn^Mirc (p 104) 'Jlie h\drox}Inuiinc 
distils nt about ICP under n pressure of flO nun , or nt, anj, 'iS® ntidi r a 
pressure of 22 mm 

Properties — H\ droxvlamino crjstnlhzts m the form of uhito needle- 
hko ci^stils snthout smell Tlio ciystals null nt t^^ and boil at SS® 
under a pressure of 22 min At ordinary prfssnrcs hjdrowhmine gradu 
nll\ c'ccomposLS if beaterl, over 11°, and at higher l< iiiih ratures it is Imbln 
to decomi>os<’i explosistU snth a sdlow flash }f\drt>x\huninc rtsnnblts 
ainmnnin in mnn\ ni^jiects — it dt*-sol\os m wattr forming a slronglj 
niknhm solution , it reacts wth acid- forming saKs — NH^O lit 1 . (MI^O)! 
I 1 ,S 04 , Nlf^O HNO, etc 'Jlie salts all decompo'-e mon* or h'ss \iohntl\ 
uhen heated Tlie mtrato furnishis mtno o\nlo and unttr, and the 
nitrite funiishos nitrous oxide and wuter roinpounds like NlfsONa and 
(NHjOl^Cn are known as hydroxylamatcs Ihdroxj Inminc thus lK.hn>es 
tow ards nlknlu s like a wcik acid and towards acids like a wnk base, 
1 e. h\ drox^ Inmino Ik liases as if it wieri> both an acid as wxll ns a base 

Hjdroxxlnmine salts aro nsixl as reducing agents in nnnlvtical work 
Ifjdro\}lamine precipitates mttalhc siKcr from silver nitrati , it ivduces 
mercuric chlondo to merctimun chloride, it precipitates cuprous oxide 
from cupric salts , clmmuum hv droxide from chromic salts, c to It oxidizes 
greenish ftmnis hj droxide suspcndcsl in an nlk dine solution to nxl ferric 
h>droxide, and at the same timo aninionia is fornuxl If the precipitate 
1 ki dissolved in an acid, and treated with hj droxv laniine the solution 
liccomes colourless owing to the nxluction of the rerl feme to gn'enish 
ferrous salt Sec p CM 

Composihon — TIio molecular weight bv the freezing i>ouif prnwss 
corrosponds wath NII^O It is gvnervllj supiKi^eil that h\ droxv laniino 
has a similar constitution to ammonia, but one Indrogeu atom of the 
ammonia is rojilaced by hv droxj 1 

II 

{bx-OH, or IflN^O 

H ir 

Ammonia. lU droxv Inminc Hvdroxjlnmme 

Hence the alternative term “ oxvnmmonia ’’ for hv droxv lamiiic Poino 
consider that the graphic formula should ho wntton H 3 =N= 0 , but the 
compound seems to oxliibit a kind of desmotropisni, forming wbat are 
called oxonium salts when it acts as a base (o\vgon qimdnv nlenl), and 
hj droxj lamatos when it acts as an acid 

g>N--0-K» 

Hv droxv Inmino nitrate Smbum livdroxj Inmate 

History — ^Hj droxj lamino salts, and the aqueous solution of tho base, 
wore first prepared bj W Lessen (1801) , and anhydrous hv'droxj lamino 
was simultaneously mode by different processes bv L. do Bniv n and bvr 
L. Crismer m 1890-91 . j 
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§ 9 Isomerism 

The great interest of isomensm has been to introduce into science the 
principle that substances may be, and are, essentially different solely 
because the arrangement of the atoms in their chemical molecules is not 
the same — L Fastedb 

It was once thought to be self-evident “ that substances which contain 
the same atoms and the same relative quantities of these must of necessity 
have the same chemical properties ” , we now boheve that the atoms 
of a molecule are arranged according to plan so definite and precise, that 
two different atoms cannot change places without altering the properties 
of the substance This does not mean that the relations of the atoms for 


one another are necessarily immovable, for, as mdioated on p 121 , the 
atoms may revolve about a position of equihbnum without altenng their 
order of succession Ammomum mtrate and hydroxylanune nitnte ore 
two different substances with the same ultimate composition, the same 
molecular weight, and both furnish mtrous oxide and water when heated. 
There the sinulanty almost ends The general properties of the two salts 
are so very different, that there is httle room for doubt that the oonstitu- 


-N=0 


tion of the molecules must be qmte different. The probable constitutional 
formulae of the two compounds are 

a. R 

|>n-o-n^ |>n_o-n=o 

- H^ HO^ 

Ammomum mtrate Hydroxylanune mtnte 

We have met several compounds which have the same ultimate com- 
position, but a different molecular weight, and different properties B g 
NOj and N 2 O 4 , the o- and /3 sulphur tnoxides, etc It is convenient to 
fix these ideas defimtely by the use of the special term isomensm — from 
the Greek lo-os (isos), the same, lUpos (meros), part Isomensm is a 
general term apphed when the percentage composition of two or more 
TOb^nces is the same, but the properties are different The term 
‘ aUotropi^ ” IS reserved for the special case of isomensm among elements, 
p 403, and isomensm ’ for compounds Polymensm is apphed when 
the pereentege composition of two or more substances is the same, but 
the molecular weight is different, p 402 It is that in most cases 

W a special case of polymensm Metamensm— -from the Greek 

’ IS apphed when the percentage composition and 

properties are ^ffSen^T 
a^d ammomum nitrate Desmotropism or ^to- 
^ Physical, geometneal or enantioraomhio isomensm— 

1 properties different, 

n Cknnpounds Allotbopism 

D) Molecular -Broights different Isomebisu 

(2) Molecmnr weights the same 

(o) Belnlive positions of some radicles 
labile, not fixed 

not covered by the terms m the text. “rtzed There are also other pecnhanties 


Allotbopism 

ISOMEBISM 

POLTiMERISlI 

Metamerism 

Desmotropism 
Geometrical Isomepism 
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§ 10 Hydrazine or Dianude 

Molecular weight, N-H| =; 32 05 Melting point, 1 4° , boilmg point 113 5” , 
cntioal temperature, 380° 

The preparation of hydrazine sulphate — ^Tho most oonveniont 
methods of preparmg hydrazme are desonbed in text-books of orgamo 
chemistry, but it may be obtained quite as conveniently from purely 
inoTgamc substances Mix 200 c c of a 20 per cent solution of ammonia, 
5 0 c of a one per cent solution of glue or gelatine,^ and 100 c c of an 
acqueous solution of 7 6 grams of sodium h3q)ochlonte — free from an 
excess of ohlorme — a litre flask Boil the mixture for about half an 
hour when it will have evajiorated to about half its original volume 
Monochloramide is first formed (p 638), and this reacts with another 
molecule of ammonia to form hydrazme hydrochloride NHjCl + NHg 
= NjH^JBLCl When cold, place the fiaskm iced water, andadd20c c of a 
Bolutioncontammg 1 96 gram of sulphuric aoid,H2S04 Hydrazine sulphate 
crystallizes out This may be purified by recrj^^-tallization from water 
The process is used teohmcally for the preparation of hydrazme «ulphate 

liie preparation of hydrazme hydrate and hydrazme — ^When 
hydrazme sulphate is distilled with potassium hydroxide in a silver vessel, 
screwed at the junctions, hydrazme hydrate is obtained N2H4 H^SOj 
-j- 2KOH = N3H4 HjO -k K2SO4 H3O The free base hydrazme is 
made by oddmg small quantities of the hydrate to banum oxide m a glass 
flask cooled m a freezmg mixture The mixture is then distiUed under 
reduced pressure. The banum oxide removes the water from the hydrate 
BaO -f- N2H4 HjO = BafOH)^ + NaH4 E Raschig's method of dis- 
tnimg with sodium ^droxide gives a better yield. 

Properties — Hydrazme hydrate is a colourless fummg corrosive hqmd 
soluble m ivater It boils at 118°, and freezes to a white crystallme sohd 
meltmg at 40° It attacks glass, cork, and rubber It is strongly basic, 
and forms a senes of salts with the acids, e.g hydrazine monochlondo, 
N2H4 HCl , and hydrazme dichlonde, N3H4 2HC1 Hence hydrazme is'a 
diacid base Most of the salts are very soluble m water The sulphate, 
N2H4 H3SO4, IS not so soluble Hydrazme and its salts are among the 
most powerful roduemg agents known , they reduce cupnc sedts to red 
cuprous oxide, and precipitate metalho silver from silver mtrato, mercuiy 
from meromio ohlonde, etc 

The free base is a colourless, fummg liqmd boiling at 66° under a 
pressure of 71 mm., and at 113 6° under a pressure of 761 mm The hqiud 
freezes at 0°, and melts at 1 4° When heated to about 360° it decomposes 
into ammorna and mtrogen 3N3H4 = N, + dNHj Hydrazme is slowly 
oxidized in air with the hboration of free mtrogen, and it bums witli a 
nolot-coloured flame. 

Composition —The vapour density of the hydrate at 100° is 60 Tina 
corresponds ivith the molecule N2H4 HjO The hydrate dissociates into 
■water and free base tn vacuo at 100°, and" at 143° dissociation is complete 
At 183°, under atmosphonc pressure, the hydrate decomposes mto mtrogen 
and ammomo. A freezmg pomt determination of the aqueous solution 

’ Tho notion of tlio gclatmo is not undomtood Tho glue and gelatine are not 
necessnrj, but the jiold of hjdrazme is much reduced if tho mucilage be absent 
ofStro^n'oSo^c ^ gonorally stated that gelitmo prevents the formation 
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gives a moleoular weight oorresiponding with the dihydrate , N2H4 2H2O. 
The constitution, of the hydrate is either 

NHo— NH3— OH, or^3|>0 

History — ^Hydrazine hydrate was discovered by T Curtius in 1887, 
and the base was isolated by L de Bruyn, 1895 The substitution products 
— e g phenylhj drazine, CgH5 HN NHj — have been hnown for a longer 
E Fischer made the first organio denvative m 1876 


§ II Hydrazoic Acid, Hydromtnc Acid, or-Azoimide 
Molecular weight, NjH = 43 04 Meltmg pomt, —80® , boiling point, 37® 
The successful attempt to double ammoma on itself, resulting m the dis- 
covery of hydrazine, was followed by a further attempt to replace another 
hydrogen atom by a NHj group, and so form tnamme or tnazme HjN NH 
NHj , but this could not be accomplished, for the termmal hydrogen atoms 
dropped out and a closed rmg of tlnee mtrogen atoms, N3H, was the result 
Preparation — ^Like hydrazme, this compound is best made by orgamc 
processes Hydrazoic acid was discovered by T Curtius (1890) W 
Wishcenus (1892) made it from morgamo materials by passmg dry ammonia 
over T U Pifaib in sodium m a mckel boat m a tube between 250° and 360° so 
as to make sodamide 2Na -f- 2NH3 = 2NaNH2 -|- Ho When all the 
sodium has been converted mto the amide (about six hours), the current of 
ammoma is replaced by a stream of dry mtrous onde, and continued at 190° 
until ammoma is no longer evolved (about five hours) 

§>0 + g>N-Na=:H20 + g>N-Na 


The product of the action — a mixture of NaOH and NaNg— is dissolved 
m water , the solution acidified with dilute sulphuno acid (1 1) , and 
distilled The first quarter of the distillate contains most of the hydrazoic 
acid. Hydrazoic acid can also be made by treatmg mtrogen chlonde, NCI3, 
or an aqueous solution of silver mtnte with hy£azme sulphate In the 
latter case a crystalhne precipitate of silver hydrazoate, NgAg, is formed 
m a short tune— A Angeh(1893) The reaction may be symbolized 

lOTnSCl ~ N^^ ^ ^HgO + HCl 


The preparation of hydrazoic acid by the action of mtrous acid on salts 
of hydrazme resembles a well known method of preparmg mtrogen from 
ammomum salts by the action of mtrous acid— say by heatmg ammomum 
cmonde with sodium mtnte— wntmg mtrous acid m place of the latter 


+ NO OH = N ^ 2H3O + HCl 

sojafcion of the free acid can be obtamed by distiUation 
with sulphuric acid as mdicated above, repeated fractional distillation 
furnishes a solution contaimng 91 per cent of hydrazoic acid The 
renmmmg water must be removed by calcium chlonde 

eooto,g tI .M pSta « ” i ™ jg 
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salts IS dangerous because these compounds are rather unstable, and very 
liable to explode The acid is partly reduced by sodium amalgam, fo rmin g 
ammonia and a little hydrazme N3H + 3 H, = N2H4 + NHj Potas- 
sium permanganate oxidizes it to water and nitrogen , oxygen is also 
bberated at the same time Pemo salts give a deep red coloration 

The acid is soluble m water The aqueous solution behaves as a strong 
monobasic acid, and it readily dissolves zinc, iron, cadmium, magnesium, 
and aluminium with the evolution of hydrogen and ammonia, and the 
formation of salts — called hydrazoates, or azides, or tnmtndes It also 
gives msoluble silver and morcuiy salts, AgNg and HgNs, both of which are 
very explosive Leadazide, PbNg, is used as a detonator m place of 
mercury fulmmate for tnmtrotoluol , it is considered less sensitive and 
safer The salts are usually anhydrous and crystallme, and when heated 
give the pure metal The aqueous solution and the aUralme salts are not 
so liable to explode as the salts of the heavy metals With ammonia, 
liydrazoia'acid forms the ammomum salt NH^ HN3, or NHg N3, that is, 
N4H4 , and with hydrazme, NjH^ HN3, that is NgHj With sodium h3rpo 
cldonte and acetic acid, hydrazoio acid furnishes a colourless higlily 
explosive compound, chlorazide, N3CI, which smells like h3rpochlorous acid 
Silver azide with a cold ethereal solution of lodme, furnishes a yellow 
explosive compound lodozide, N3I 

Constitution — On electrolysis, hydrazoic acid 3'ield8 rather less than 
three volumes of mtrogen per one volume of hydrogen The low yield of 
nitrogen is due to secondary reactions Analyses and vapour density 
determinations agree with the formula N3H. The formation of hydrazoio 
acid from sodamide and mtrous oxide, and also by the action of hydrogen on 
thalhum trmitnde, which results m the formation of nitrogen and ammoma, 
agrees with the structural formula — 

h-n<n 

With metals below magnesium m the electrochemical senes. Table yXTTT , 
hydrazoio acid is reduced to ammonia, and may be to hydrazme and free 
nitrogen , no hydrogen is evolved, c gr Cu -H SEfNj = CuNg -h Na + NH3 , 
with nitno acid, it will be remembered that 3 Cu -1- 8NHO3 = 3Ca(N03)2 
+ 2 NO 4H2O With some of the oxidizable non metals, the acid is 
reduced, formmg ammonia and nitrogen, thus, H3S -|- HN3 = S -f Nj 
+ NH3 , with mtno acid, we have 3H3S -f 2HNO3 = 3 S 2 NO + 4 Tr^O 
With metals lymg near the end of the electrochemical senes, the acid 
IS reduced, formmg ammoma and mtrogen, Pt -H 2HN3 + 4 HC 1 = PtCl^ 
+ 2N3 4 - 2H3N , with mtno acid under similar conditions, 3 Pt -f- 4HNO2 
+ 12 HC 1 = 3 PtCl 4 + 4 NO + SHgO 

Assummg that if two compounds behave m a similar manner they 
have an analogous structure, it follows if mtnc acid has the structure 

H — 0 — ^N^q with a pentavalent mtrogen atom os a nucleus umted with 

oxygen , then m hydrazoio acid we can expect a pentavalent mtrogen 
umted with mtrogen, or H— N=N=N (J W Turrentme, 1912 ) , hence 
the alternative term, “ hydromtne acid,” for this compound. The latter 
formula also agrees with some reactions studied m oigamc ohemistiy 
(Thiele, 1911 ) 
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The following graphio formulse sbow tlie relations between hydrazoic 
acid, nitrous oxide, and bjrpomtrous aoid 


n=n n=n 

I 1 

HO OH O 


N=N 

\/ 

N-H 


Hyponitroua acid Nitrous o-ado HydrazoiQ acid. 

There are many resemblances between this acid and hydroohlono acid , 
which suggests that the tnazo-group, N 3 , m its chemical properties bears 
a strong family resemblance to the halogens 

Nitrogen gas is rivalled only by argon and its congeners in its reluctance 
to take part m chemical changes, but when umted with other elements it 
leads to forms of activity m great profusion, so much so that M 0 Forster 
(1911) styled mtrogen the most versatile form of elemental matter, for union 
with different proportions of hydrogen furnishes three highly active sub- 
stances— ammoma, hydrazme, and hydrazoic acid— which have character- 
istics which stand m marked contrast with one another If o^gen be 
brought mto the system, hydroxylamme, mtrous acid, and mtnc acid may 
be mentioned as typical materials capable of entenng mto chemical changes 
of the most diverse order Enumeratmg the mtrogen-hydrogen compounds 


Basic 


NH3 
Ammonia 


N3H, 
Diamide or 
hydrazine 


Hy^azine 

azoimide 


Acidic 

N3H NA 

Azounide or Ammonium 

liydrazoio acid azoimide 


To these can be added hydrazme hydrazoate, NgHg, and possibly also basic 
ammomum, NH^ , and dnmtde, NjBEj, which is said to have been made by 
heatmg ammomum chloroplatmate (NH^) 2 FtClg = Pt -f- 0HC3 NoH^, 
but there is some doubt if this is really the case 


Questions 


1 Calculate tlio vapour density o£ ammonium chloride' By exponment it 
18 found to be 13 346 How do you explam the difference between the calculated 
and the observed results 1 Can you pve any experimental evidence in support 
of your explanation T Do you know of any other similar coses T — Science and 
Art Dept 

2 Calculate the wei^it of mtrogen contained m one cvrt of (o) ammomum 
sulphate , (6) sodium mtrate Deacnbe exactly how yon would distinguish 
these two substances when mixed together in solution — Aberdeen XJmv 

3 How would you prepare in the laboratory a vessel full of ammonia 7 

Describe experiments by which you could demonstrate that ammonia (a) is very 
soluble m water, (6) combines with acids to form soils, (c) contains hydrogen 
Vxctona Vmv , Manchester “ 


4 What 13 the action of ammonia gas on (a) hot copper oxide, lb) hydrochlono 
acid, (c) cMonne water 7 — St Andrews Untv 

6 llTiy are the compounds formed by the union of ncids with ammonia 
termed ammonium compounds 7 Quote facts which may be regarded as evidence 
Ihot n solution of ammonia in water contains ammonium hydroxide —London Unit 

6 What are the two main sourora of supply of morgamo mtrogen compounds 7 

OutUno three method which have been suggested for the production of ^monia 
from atmospheno mtropn —Sheffidd Umv ^ ramoma 

7 How can it he shown that the vapour obtained by heating slightlv moist 
ammomum chlonde consists of a mixture of ommonia and hydrogirSiKo 
gases 7 Si hi^ is the density relative to hydrogen of the vapour given off bv 
ammonium chlonde, and what would be tbe de^ty if the vii.our^omistfd of 
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amnioiumn ohlonde 7 (N = 14 , Cl = 36 S ) Mention other decompositions 
of a similar nature mth -wluoh you ore oequamted — Vmv North Wales 

8 Giie the volume relations between the gases in the following reactions t 
Hydrogen and olilorme combining to form hydrochlono acid, hydrogen and 
oxygen combining to form steam, hydrogen and nitrogen combining to form 
ummoma If a milhon molecules of hydrogen took part m each reaction, now many 
molecules of each product would be formed 7 — Sheffield Scientific School, USA 

0 Hxplain why the formula of ammonia gas is gi\on os NHj and give an 
account of ony theones mvolvcd in your answer — Aberystwyth Umv 

10 Define the terms “ acid,” “ bose,” “ acid salt,” “ bnsio salt,” “ double 
salt,” “ complex salt,” and supply ono illustration of each — Sheffield Umv 

11 What IS hxdroxylnmme 7 Desenbe and explain the process b> which 
the hydroohlonde is prraared from potassium nitntc What is its action upon a 
solution of a cupno salt, ond to what useful purpose has hydroxylamine been 
applied 7 — Science and Art Dept 

12 What IS the effect of passmg chlorme gas through oqueous solutions of 
(a) ammoma, (6) sulphur dionde (c) ferrous sulphate 7 What is the effect of 
passing sulphur dioxide gas through (a) aqueous solutions of potassium permanga 
note (o) concentrated mtno acid 7 Give equations — St Andrews Untv 

13 How IS ammonia gas prepared pure and dry 7 Give the names and 
formula of the compounds derived from ammoma by roplaomg one or more of 
Its atoms of hydrogen by (a) hydroxyl (6) chlorme, (e) methyl Describe the 
preparation and properties of any two of these compounds — London Umv 

14 IMiat change takes place when chlorme is passed mto a solution of am 
monia 7 How can the experiment be conducted so as to afiord evidence of the 
constitution of ammoma 7 — Board of Edue 

16 How IS the so-called ammomum amalgam prepared 7 Describe its principal 
praperties and cxplam the various views which have been held as io its nature — 
Board of Edue 

10 By what means has the relative rate of diffusion of goses been determmed 7 
Desenbe on experiment by which you might test whether a gas was dissociated 
at a high temperature into simpler constituents Two vessels A and B con 
taming respectively chlorine, and a mixture of on mert gas with 10 per cent 
of oxygen, were put into commumcation through a small hole After diffusion 
had taken place for a short time, the chlorme m A was absorbed by potash, and 
the residual gas in A was found to contam 11 per cent of oxygen What was 
the density, approximately, of the mert gas 7 — Vtctona Umv , Manchester 

Note fob Paqb 648 

if a sointion of hydroxylammo and sodium hydroxide m methyl alcohol 
he treated with methyl nitrate, CHg NOg, a white powder is precipitated 
It has the empincal composition NagNgOg This substance appears to be 
the sodium salt of a very unstable acid— iutrohydro:wl3™ic acid, HgNgOg — 
for if the salt be treated with a mineral acid, the product which is hberated 
begins at once to decompose with bnsk effervescence, fonmng nitnc oxide 
and water HgNgOg 2NO + HgO The acid thus appears to be a 
Tiy irate of urine oxide. In addition to the sodium salt, some oiganic 
denvatives have been made The constitutional formula is usually wntten 
HO — N=NO— OH The sodium salt rapidly absorbs oxygen from the 
air fomung sodium mtnte and nitrate, and when the solution is boiled it 
furnishes sodium mtnte, etc , as symbolized in the equation 2 Na 2 N „03 + 
Hj0->2NaN02 NgO + 2NaOH , the heating of the solid salt funushes 
sodium mtnte and hypomtnte 2Na2NgOg = 2NaN02 + NagNgOg The 
acid and its salts are mteresting m that they may decompose in at least six 
different ways, as qrmbolized 

*- = 4NO-i-2H,0 
= 2HN0, + H.N*0, 

= 2HNO, + 2NO -f- H. 

-i- 2H.0 = 2NH.OH + 2HNOs -f O, 

= 2NO. + H.N.O. 

= 2HNO, -1- 3f.O + H-0 


2H.H.O, 



CHAPTEE XXIX 


NrTEoaEN A2?D Atmospheric Am 


§ I Nitrogen — Occurrence and Preparation 

Atomic weight, N = 14 01 , molecular weight, N* = 28 02 Bi-, ter-, and qmn- 
que*valent Meltmg pomt, — 210 6° , boilmg pomt — 105 5° , cnttoal temperature 
— 146® Relative vapour density (BL = 2), 27 81 , (air = 1) 0*967 One htre under 
normal conditions weighs 1 2606 grams 

History — is di£Scult to state precisely who first isolated nitrogen 
and clearly recognized it as a definite substance John Mayow (1674) and 
several others got very near, if they did not get actually there The man 
who deduces on good mental evidence, or even proves by actual espenment, 
the existence of somethmg not known before is not always reoogmzed as 
the discoverer , but rather is he hailed discoverer who proves by a con- 
clusive senes of experiments that the substance m question has properties 
distmct from all other substances He only dr^covere tojio proves Other- 
ivise, Paracelsus would be called the discoverer of hydrogen, Lucretius of 
carbon dioxide, J Kunkel of ammoma, etc D Rutherford (1772) is 
generally credited with the discovery of mtrogen Rutherford removed 
oxygen from the air by such combustibles as phosphorus, charcoal, etc , 
and washed out the products of combustion by alkabps or hme water 
The residue was called by him “ phlogisticated au*,” ^ H Cavendish con- 
firmed this experiment in 1786 Lavoisier first called the residue “ mephitic 
air, and atoa^ “azote” J A Chaptal (1823) suggested the name 
mtrogen from the Greek virpoy (mtron), saltpetre , and ytivdu (gennao) 
1 produce — because the gas is a constituent of mtre ’ 

Occurrence —Nitrogen constitutes four-fifths of the total volume of 
atniosphenc aar Accordmg to spectroscopic observations it is probable 
that certain nebulm contam mtrogen It is also found m ocrtam pimerals. 
where it is probably occluded or adsorbed It occurs combined m 
^ featmany ammal and vegetable products— ey 
wJbte of egg, proteids, etc It is a constant and essential constituent of 

•*> “PO- of 

“ “nvemontl/done by W 

behind the mtrocen Tf thA ^ m water, leaving 

cybon 

» Hvdrogon was olao caHed •• pUogabcated a,r » 
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The nitrogen so prepared is not pure because the phosphorus ceases to 
bum before all the oxygen has been removed. A solution of cuprous 
oblonde (p 249) m hydrooblono acid rapidly absorbs oxygen from air, 
and leaves behmd the mtrogen It is best to remove the carbon dioxide 
by first passmg the air through a solution of sodium hydroxide , and to 
absorb the oxygen by means of an element which will form a non volatile 
oxide Copper turnings are generally oonsiderod best for the purpose , the 
“ turnings ” offer a large surface of oxidizable metal to the air The process 
isasfoUoivB — 

Air freed from carbon dioxide in a wash bottle of sodium hydroxide, 
A, Eig 205, and from moisture by passage through sulphuno acid, B, is 
then passsed through a red hot tube containmg copper tunungs 
copper removes the oxygen and forms oupno oxide 2Cu + 03 = 2CuO 
The mtrogen passes on to be collected in a gas jar, or gasholder, etc In 
the diagram, the air is supposed to bo drawn over the copper, the gas 
holder being filled with nitrogen If the gasholder were placed at the end 
A, and oir forced along the tubes, the nitrogen gas could be collected m 



Fio 206 — Preparation o£ Nitrogen. 


gas jars. Fig 206 The process of oxidation of course ceases when all the 
copper IS oxidized If the wash bottle, JB, of concentrated sulphuno acid 
bo replaced by an aqueous solution of ammomo, as recommended by 
S Lupton (1876), the ammoma reduces the copper oxide as fast as it is 
formed * CuO + 2 NH 3 = Cu + SEqO + Nj Any excess of ammoma can 
be removed by passing the gas from the copper tube through a solution 
of sulphuno aoid before it is collected m the gasholder Cold boiled 
water should be used in the gasholder so as to lessen the nsk of oon- 
tammation owmg to the presence of oxygon dissoh ed m ordmary water 
' Wo shall see later that “ atmosphenc mtrogen ” contams argon 
Nitrogen collod “ chemical mtrogen ” can bo prepared free from ai^on 
by heatmg a concentrated solution of ammomum mtnte m a glass flash 
or retort NH^NOj = 2HoO + Hg , or better, a mixture of ammomum 
ohlonde -with a concentrated solution of potassium or sodium mtnte as 
recommended by Corenwinder (1849) ^ Atmosphenc mtrogen is made 

1 Nitr^on 18 also made by heatmg ammomum dicliromate (NH^J.Cr 0, = 
t":Oj 4- 4HiO + Nj , or a mixture of ammomum cblonde and poto^ium di- 
diromato, or a mixture of hypobroroites or hypochlorites with urea , etc 
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on a lai^c scale by the fractional rectification of bquid an* as indicated 
on p 126, and it is used m the manufacture of calcium cyananude, q v 


§ 2 The Properties of Nitrogen* 

Nitrogen is an odourless colourless gas, not quite so heavy as air It 
IS slightly soluble in -water , 100 volumes of water at 0® absorb 2 4 volumes, 
and at 20®, 1 6 volumes of gas Nitrogen has been condensed to a colour- 
less hqmd which boiis at about —195® at ordinary atmospheric pressure , 
and solidifies to a white snow-like mass meltmg at —214° Nitrogen 
cannot be a poisonous gas, for the air we breathe contams a large propor- 
tion Hie mtrogen dilutes the oxygen as indicated on p 756 Animals 
die in nitrogen owmg to sufiocation, t e. want of oxygen necessaiy for 
respiration Nitrogen is both mcombustible and a non-supporter of 
ordinary combustion 

Molcculauc-iutxogenucherrucally4ne£t^^toniic,^trogen^ctive. — The 

chief characteristic of mtrogen is its chemical inertness, due, it is some 
times stated, to “ the great affimty of the atoms 
m the molecule for one another ” At any rate, 
when mtrogen is combmed with other elements 
the con-yerse is true, for the mtrogen com- 
pounds generally possess great chemical activity 
Witness mtrogen chlonde, possibly the most 
•violent explosive known , potassium mtrate m 
gunpowder , the white and smokeless powders , 
and explosives generally— most of them contam 
mtrogen— NOj, or NOg, e g mtroglycerol, picnc 
acid, etc 

Nitndes — ^Nitrogen combines direotlyjvith a 
few elements under special conditions” Cg with 
calcium, magnesium, hthium, titamum, etc, 
when these metals are heated m an atmosphere 
of ^rogen Alumuuum, for instance, absorbs 

compounds of the metals with nitrogen are 
correspondmg compounds with oxj'len aro 
^ed oxides The formation of magnesium mtnde can be Seated 

apparatus lUustrated in 

a ^ ^ ^be contams Thoat US 

a httle powdered magneaum This tube is connected with a glas^ buSS 
tebe dippmg m coloured water to serve as eauce Whan 

B mdijates ftat tie metal m aWbmg 
etete am by be,fmg.them m'amnSt 

tAetbeemttogen >s^draSor™’om^™BSi*T“‘°‘‘ “ *“ 
of almaeat Se alae 



Fig 206 — ^Formation 
of Nitndes 
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reported from time to time, but the allegations have not been established 
In 1910, R J Strutt notic^ that “ vacuum tubes ” containmg mtrogen, 
when subjected to the jar discharge with a spark gap, show an '* after- 
glow ” when the discharge is stopped 

* The tube AH, Eig 207, is supposed to oontam nitrogen. Ajar discharge 
as passed m the direction indicated by the dotted Imes shown between the 
'tenmnals, Eig 207, while the mtrogen travels on towards B The nitrogen 
IS “ activated ” by tlie discharge 

> The mtrogen then appears to be m a more active condition chemically 
than ordmary mtrogen The activity is not due to the presence of ions 
produced by the discharge, because the chemical activity of the mtrogen 
'persists aftOT the ions are removed. The “ after-glow ” which accompanies , 
&e conversion of the chemically active modification into ordmary 
^itrogen is mtensified by ooolmg and weakened by heatmg The presence 
[of oxygen destroys the activity, hydrogen has no action The active 
fmtrogen gradually returns to normal mtrogen on standing The active 
[modification combmes with phosphorus at the same time the excess of 

t, phosphorus is converted mto 
[,the red variety,' the “active” 
mtrogen also combmes with 
[i sodium, mercury, and acetylene, 
and with mtnc oxide it forms 
mtrogen peroxide 2NO -j- N = 
NOj -f Nj A groemsh - yellow 
fiame is develo;^ during the 
( last-named reaction, the fiame 
I resembles that produced when ozone reacts with mtnc oxide Strutt, 
.the discoverer of these phenomena, suggested as a trial hypothesis, 
that the “active modification of mtrogen” is mtrogen m the atomic 
condition, but it cannot yet be said that the action is clearly understood. 

Atomic weight of nitrogen — The " oombimng weight ” can bo deter- 
mmed by findmg the amount of hydrogen or o^gen which combmes with a 
known weight of the gas For example, the analysis of mtrous oxide, mtnc 
oxide, ammoma, etc , furnishes 0 N = 16 14 01 Collect together the 
vapour densities of all the known volatile compounds of mtrogen Wo 
obtam a table from which Table XXX f V has been abndged 



Fio 207 — Formation of Strutt’s 
AUotropio Nitrogen. 


Tablb XXXry — ^vapour Devsitikb ok Volatile Nitiiooen Comtousds. 


Volatile oompoond 

Vapour 

density 

Formula of com 
pound Moleonlar, 
■weight =: vapour I 
density 

Amount of 
mtrogen m 
the molecule 

Anunozus 

17 03 

NHj 

14 01 

Hydrazoio acid 

43 04 

N,H 

42 03 

Nitno oxide 

30 01 

NO 

14 01 

Nitno peroxide 

46 01 

NO. 

14 01 

Nitrogen 

28 02 

N, 

28 02 

Nitrous oxide 

44 02 

1 

n;o 

28 02 


* It 18 not imcominon to find some phosphorus converted mto rod phosphorus 
irnsn a mass of phosphorus reacts inth onothor substance 





NITROGEN AND ATMOSPHERIC AIR 


559 


The smallest amount of nitrogen.' entering into the composition of any of 
these molecules lies somewhere between 14 00 and 14 16 , the best repre- 
sentative value IS taken to be 14 oi, when the atomic weight of hydrogen 
IS 1 008, and of o^gen 16 Hence this number represents the atomic 
weight of mtrogen > 

§ 3 The Composition of the Atmogihere 
The air 13 a confused aggr^ate of eSluviuins from such diffcrmg bodies, 
that, though they all agree m constitutmg by their minuteness and various 
motions one great moss of matter, yet perhaps there 13 scarcely a more 
heterogeneous body in the world — ^Robert Boyxe 

These words, written about the middle of the seventeenth centuiy, 
forcibly impress the fact that air is a mixture of several different gases — 
oi^gen and mtrogen along with much smaller quantities of ammonia and 
other mtrogen compounds hydrogen, hydrocarbons, hydrogen peroxide, 
carbon dioxide, sulphur compounds, orgamc matter, suspend^ sohds, 
chlondes, ozone,, water vapour, argon, hel ium. JayptQn,_nepn, ;xenQ n, The 
last five are sometimes called the “ noble gases ” or the “ mert gases ” of the 
atmosphere, andtheyaregeneraUymcludedwiththe “atmosphenc mtrogen ” 
Ojygen and mtrogen — The following analyses are quoted to illustrate 
the percentage amount of oxygen m air — 


Locahty 


Pans 
Z>resdea 
Cleveland, Ohio 



Number of 
analyses 


20 913 
20 88 
20 90 


20 999 
20 97 
20 95 


Analyst 


V Regnaulfc 
W Hempel 
E W Morley 


— : ! I 

Hence, after makmg dne allowance for differences m the methods of 
analysis by different men, it is clear that the relative proportions of mtrogen 
and raygen m the air collected near sea-Ievel are almost, but not qiute. 
constant Am at higher altitudes has probably quite a different comSsi- 
tion, and A. Weneger (1912) estimates that — • ^ 

hdiS« Osygen Argon 


Altitude Atmosphenc Hydrogen 
kilometers pressure 

0 700 0 0033 

100 0 0128 67 

600 0 0016 7 


0 0005 
4 


and he assumes that m the outermost layers a new eas 

diffusion of air by wmds ete country , but 

part — excludmg of comse bLllw ♦ ^ CKcessiye accumnlation m any 

(im) loond 3 027 „f oaLriSi* 

accumulate , and m badly ventilated volumes may 

of carbon dioxide may be present Thu normal amount 

moisture^re usually rogarfilj as impStii 
of normal or average air occur m the f oUowmg pro^rS ~ 
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Table XXXV — ^Average Coufosizion op AzatospnEnio Am 


For cent of 

By weight 

By volume 

Nitrogon 

76 61 

78 03 

Oxygon 

23 16 

20 00 

Inert gases 

1 30 

0 06 

Carbon dioxido 

0 04 

0 03 


Ozone, hydrogen peroxide, and nitrogen oxides — ^Tho ozono nnd 
hydrogen peroxide are probably formed by elcotucal discharges in tlio 
atmosphere as mdieated previously The same remark applies to the 
oxides of nitrogen Free nitric acid has been reported in the atmosphere 
of tropical regions, but generally, the nitrio acid is combined with 
ammonia According to A Levy (1880), about 3 lbs of ammonurcal 
nitrogen, and 1 lb of nitno aoid is returned to the earth per acre per 
annum with the rain In rural districts the soil is said to rcccn c between 
4 nnd 6 lbs of combined mtrogen per acre per annum from the rain 

Ammonia — ^Die ammonia in the atmosphere is largely a product of 
orgamc decomjiosition, and it is returned to the earth by mm in the 
form of ammonium nitrate, nnd sometimes as ammonium sulphate or 
chlonde 

Hydrogen and hydrocarbons — ^A Gautier (1901) found that the air 
of Pans contains per 100 htres — 19 4 e o of free lij drogen, 12 1 o o of 
methane, 1 7 o o of benzene and related hydrocarbons, and 0 2 carbon 
monoxide with other hydrocarbons. Gautier’s estimate is probably mther 
high H Honriet (1004) found 2 to 6 grams of formaldehyde per 100 
cubic metres of air ^e presence of hyd^arbons explains the oleaginous 
character of the deposits which form on roofs, leaves of trees, etc , m towns 

Sulphur compounds — ^A, Laduroau (1883) reported 1 8 c c of sulphur 
dioxide per cubic metro in the air of Lille Sulphur compounds are present 
in small quantities as hydrogen sulphide, sulphur dioxide, and sulphuric 
aoid m the air of toivns. According to R Warrington (1887), about 17} lbs 
of sulphur trioxido is annually “ poured ” upon each acre of land at 
Rothamsted. 6 H Badey (1892) reported a maximum of 0 0267 gram of 
sulphur estimated as sulphur trioxide in the air near the surface of the 
ground in Manchester 

Chlorme compounds — ^Rain near the sea brings doivn a certain amount 
of chlorme derived from the sea water The proportion of salt in the air 
IS greatest near the sea, and diminishes rapidly further away from the coast 
E Kmch (1900) found, as an average of tiventy six years’ observations 
at Cirencester, that 36 1 lbs. of sodium chlonde per acre were brought to 
the earth with the rain The amount of “ wmd-bomo ” sea salt is greatest 
when the wmd blows from the sea Free hydrochloric acid derived from 
manufacturmg operations is sometimes found m the air of toums. 

Moisture. — ^Hie average amount of moisture, aqueous vapour, in air 
18 rather less than one per cent by volume , it may reach 4 per cent in 
humid climes The actual amount of aqueous vapour air can carry before 
it is saturated depends upon the temperature. The higher the tempera- 
ture, the greater the amount of moisture air can carry (p 167) Air seldom 
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if ever contains less than one-tenth the possible amount The methods 
for the determination of moisture m air — ^hygrometiy — are discussed in 
tes^-hooks on physics 

§ 4 Is Air a Mixture or a Compound of Oxygen and Nitrogen ? 

Let ns assume the function of a judge in a law court, and sum up the 
evidence for the jury 

1 The proportions of the constituents of air vary a httle in different 
locahties, but even this small variation is not found with pure chemical 
compounds — ^law of constant proportions, pp 14, 17 Hence not all the 
nitrogen and oxygen are combing 

2 The atomic proportion of mtrogen and oxygen m air is os 3 77 1 , 
tills IS approximately as 16 4. Hence if all the mtrogen and oxygen aie 
combm^, the formula of the compound is N15O4, or NOo jj, which does 
not fit very weU with the facts summarized by the law of multiple pro- 
portions^ p 26 A similar result is obtamed by considering the volume 
relations of nitrogen and oxygen in air — Gay-Lussac’s law, p 66 

3 The charactenstic properties (refractive mdex, absorption of radiant 
heat, etc ) of mtrogen and oxygon are modified m air only so far as 
obtains when mtrogen and oxygen are mixed in the same proportions 
The properties of the two gases are not changed so much as would be 
expected if a chemical compound were formed 

4 No heat, no change of volume, or any other sign of chemical change 

IS observed when air is made artificndly by imxmg the gaccs together in 
the nght proportions “Ha measurable physical property were different 
in aur and in an equivalent mixture of the constituents of air, the con- 
clusion would follow that amis a compound ’’ (H, St 0 Deville) 1 

6 ^e constituents of air can be separated by mechanical means 
e g solution in water (p 676) , by atmolysis (p 107), and by alloivme 
(p 'l26r^ ^ vaponze, when the mtrogen distils off before the oxygen 

Not one of th^ five reasons is in itseff conclusive, but all, taken 
toother, form a oham of circumstantial evidence which would lead an 
^gen^eto™^ ^ verdict Air is a mechanical mixture of mtrogenj 

§ S The Analysis of Air. 

prmciple to that illustrated m Ei| 208 wLre “mod3f 
in place of the old charcoal Wee anJfSf 

been reduced A CHSle^ oiaS? tubes has 

condition This globe was connected as mdioat^ m’ Re 
oontainmg metalhc copper also evacuated. ehlS ^ 

copper tube was conneiL wiJh TSe^ bS 
concentrated sulphuric acid to and tubes containing 

ftw of tho t«b« naod byXSS Md 5^^.°”^“° 

...W.dtbeg,«,g,obo™dopnvo5oSKeSg7lat^bS.oT 
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When tho globo vras full, the apparatus was ooolod, and tho globo anS 
copper tube woigbed Tho inoroaso muoigbt gave the amount of nitrogen 
m the globo ^o tube \?as also ivoighod Its inoroaso in weight repre- 
sented tho weight of oxygon uhioh iros assooiatcd, as air, inth the nitrogen 
in tho gloss globo , tho tube also oontaincd some nitrogen Tho tubo u’os 
therefore exhausted and woighod again Tlio dilToronco botwcon tho 
second and tliird uoighings of tho tube ivas taken to represent tho nitrogen 
which must bo added to tho nitrogen m tlio globo Tho amount of oxygon 



Fio 208 — Diagrom illustrating tho Pnnciplo of Dumas and Boussingault’s 
Method for the Gravunotno Analysis of Air 


was oaloulatod from tho difiorcnco betiroon tho first and last uciglungs 
of the tube, thus 


Tube after experiment 

Evacuated tube before experiment 

Groms 
061 416 

047 060 

Bvaouated tube after experiment 

061 340 

Nitrogen 

0 009 

Total oxygon in tube 

3 080 

Globo with mtrogon at 10°, 702 7 mm 

1403 838 

Evacuated globo at 19 4°, 762 7 mm 

1301 634 

Nitrogen m balloon 

12 304 

Nitrogen in tube 

0 069 

Total mtrogon 

12 373 


Hence in air, tho oxygon is to tho mtrogon as 3,88^J1?^73, that is ns 
22 02 ^97.08 As a moan of six determinations they obtamod 23 005 
grams of oxygen per 76 906 grams of mtrogon Tho 
gravimotno process is very exact Tho error need not 
exceed 0 00001th part of tho uholo , but the experiment 
roqmrcs spooial apparatus, and occupios much time 
Volumotrio processes are not so exact, but they occupy far 
less time 

Volumetric processes — ^The methods employed by 
Lavoisier, mdioatod on pp 9 and 10, are only rough 
approximations Hempol’s method, with an absorption 
pipette, charged uath sticks of phosphorus, ITig 209, 
sorp jon ipotto gjygg totter results After tho air has been measured in 
Hompel’s burette. Fig 32, it is transferred to tho pipette where tho oxygon 
IS absorbed, and then transferred back to the burette for re measurement 
The explosion process indicated on p 621, for mtrous oxide, may also bo 
employed 

An apparatus. Fig 210, similar to that designed by P von Jolly (1879) 
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can be used A glass globe is provided with an arrangement; whereby 
a piece of copper wire can be heated red hot while inside The globe 
IS fitted with a three way stopcock which connects it with the gas- 
measunng tubes or with the outside air The 
gas-measunng tubes are filled with mercury, 
and the globe is then connected with the air- 
pump, and exhausted A jacket oontammg iced 
water is placed around the globe Air dned by 
passage through wash-bottles contaimng sul- 
phuno acid is allowed to enter the globe, which 
IS then put in commumcation with the gas- 
measunng tube, and the level of the mercury 
m the leveUmg tube is read when the mercury 
m the other tube reaches the mark just below 
the stopcock. Call this position pg The cold 
jacket IS then removed, and the copper ivire 
heated. When the oxygen is all converted 
mto copper oxide, agam place the cold jacket 
in position, and alter the levelhng tube imtil 
the mercury reaches its former position The 
height of the mercuiy m the levelling tube is 
agam read Call this position p The pressure 
of the mercury has been reduced pg — p owing to the removal of oxygen 
Consequently, smce the temperature is the same m both cases, the per- 
centage X of oxygen m the air must be Pn g p — p= 100,, jp 



Fig 210 — Jolly’s Ap 
pnratus for the Volu- 
metno Analysis of Air 


§ 6 Argon and its Companions 

,= ■> > ^ »< w. 

The discovery of argon— Dunng 1893-96 Rayleigh found that tho 
density of mtrogen denved from the atmosphere ^ removing tho im- 

14 070 (hy^ogen umty) , and when tho nitrogen was prepared from 

Bphetio mtrogon oi'oTor°^^'* 

^rt by weight of magnesium fiSgs, 0 25 sodium S 
m magnesium reacts with the quickhme hberaWn^M ^ I quio^me 
the mtrogen and also any oxygra Sb. mav be absorbs 

be prepared by passmg air tSouch a hot tnL 

and the mtrogap fonns oyanaimdo + 


Thof 
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carbido is said to bo much moro active if it bo mixed \nth 11 por cent of 
oaloium ohlondo 

Rayloigh also passed a senes of oloctrio sparks through a mixture of 
air and oxygen (p 608), and removed the nitrogen oxides as fast as thoj' 
\fOTO formed by alkahes About of the atmosphono nitrogen remains 
ns a residue which uill not oombmo with the oxygon when sparked in the 
presence of alkahes This process for isolating the inert gas from air is 
particularly interesting because H Cavendish mode a similar exponment in 
1785, and concluded that if any part of the nitrogen of atmosphono air 
differs from the rest “ wo may safely conclude tliat it is not moro than 
of the whole ” Remembering the conditions under which Ca\ endish’s 
experiment was made, this estimate is remarkably close to .Ramsay’s 
number, Cavendish’s observation wtis overlooked until Rayleigh 
and Ramsay mdicated its importance 

Properties of argon — Argon gas is without colour, taste, or smell 
It IS incombustible and a non supporter of combustion Argon is remark 
able m fonnmg no well defined compounds with other elements. 100 
lolumos of water at 0° dissolve 4 47 volumes, and at 20°, 2 86 volumes 
Hence argon is rather moro soluble than air m water, and in conse- 
quence, when the gases dissohcd in ram water are expelled by boihng, 
the rosultmg “ air ” is slightlj richer in argon than ordinary air Aigon 
IS present in the gases from sea water, rivers, and sprmgs, as well as ocoluded 
in certain minerals cl^oite and uraniforous minerals. It also occurs 
m rock salt and in some meteorites 

The inert gases — Argon isolated from atmosplicnc air os 
dcsonbod above is oontaminatcd with minute quantities of some 
othei gases, for if the liquefied gas be fractionally distilled, Ramsay 
found that four other gases could bo obtained helium — ^namod from 
Greek fjMoj (hohos), sun, neon — from ffot (noos), now, krypton — from 
Kpuvrris (kiyptos), hidden , and xenon — ^from {/ros (xonos), stranger The 
noon, hohum, argon, and contaminating nitrogen pass off first , the xenon 
and krypton remam The more volatile gases are compressed in a i ossol 
cooled by hquid air By repeated fractionation of the loss volatile residual 
liquid, the xenon and krypton can be separated from the argon and from 
one another Similarly, neon and hohum can be separated from the 
contaminatmg mtrogen and argon By surrounding the mixture of hohum 
and neon wnth liquid hydrogen, the noon freezes to a white solid from 
which the hehum can bo removed by the air pump The physical properties 
of these gases are summarized in Table XXXVI (p 566) 

Like argon, they are all inert ohenuoally, no well defined compounds 
with other elements have been obtamed Hence it is generally stated 
that these elements are nuIL.,valent. These gases can bo excited elec 
tncally so as to furnish charaetenstic and complex spectra Ordinary 
molecular nitrogen, os we have seen, is somewhat inert to ordinary 
ohemioal influences, while m the atomic condition it is one of the most 
active of elements. Accordingly, H E Armstrong (1895-1912) argued 
that it IS possible that the molecules of the mert gases ore made up of two 
or more atoms so firmly bound together that they cannot bo severed by 
any known chemical process Tlie evidence for the familiar statement 
“ The molecules of the inert gases are monatomio,” os we shall soon see, is 
not conclusive Neon has been shown, by atmolysis, to be a mixture of 
two other gases of atomic weight 19 9 and 22 1 respectively, but no differ 
ence has been deteoted m the physical properties of the two fractions 
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Table XXXVI — ^Physioai. Pbopebties of the Inebi Gases 


Gas 

1000 yols 
nir con- 
tarn 

approxi- 

mately 

Density 
0- = 32 
atomic [and 
molecular] 
weight 

Melting 

pomt 

Boding 

point 

Cntical 

tempera 

tore 

Helium, Ho 


390 


-268 7“ 

—268“ 

Neon, Ne 


20 2 

-263“ 

-233“ 


Argon, A 


39 88 

-188“ 


— 117“ 

Krypton, Kr 

0 00005 

82 02 

-160“ 

-152“ 

- 63“ 

Xenon, X 

0 000006 

130 22 

-140“ 

-109“ 

+ 16“ 


Helium — In 1868, P J C Janssen detected a prominent orange line m 
the spectrum of the sun’s photosphere This did not correi^ond mth the 
spectral Imes of any known 
element Hence E Frank- 
land and J N £ocI^er 
■postulated' the eiostence of 
a new element which they 
called hehum- The same 
orange hne was later de- 
tected m the spectrum of 
certain stars, and m 1882 
Palmer noticed the same hne 
in the spectrum of the gases 
flan ung from Vesu'vius 
While seeking for occluded 
argon m the “mtrogen” 
winch had been reported in 
many mmerals — cUveite, 
fergussonite, broggente, 
uraniiute, etc — W Ramsay 
found that the gas wbs 
neither argon nor mtrogen 
The spectrum of the new 
gas was identical with that 
reported by Janssen and by 
Palmer Hence its name, 
hehum The same gas was 
later detected m the gases 



Fio 211 -Kemovol of Occluded Gases from 
Aunerals 




dissolved m certam mmeral wateis inrl nior^ , j. , 
indicted above By the rapid ^aporatioj of ha^d" 
perature within 2 ° of absolute zero 9790 I a tern- 

H K Onnes (1908) obtained by 

R^oval of the gases ocduded in minerals — Tn i-i. , , 
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means of an air pump , Tooplor’s mercury pump,^ U, is shown in Fig 211 
Tlio mineral is heated under reduced pressure, and the gases are collected 
in D, the receiver of the pump The gases on thoir ivay to the pump 
travel through a flask, B, contaimng sticks of sohd potassium hydroxide 
to absorb water and sulphur compounds Tlic gas collected in the gas 
holder D can then bo analyzed, or freed from hyiCogon and hydrocarbons 
by passage over hot copper oxid e, from oxygen by passage over hot 
coppe r , from carbon dioxide by soda lime, or potassium hydroxide, 
from nitrogen by hot magnesium," aiid-fiom moisture by phosphorus 
peiitoxido — and the resfdutfTTOTnined by the spootrosoopo for helium, etc 
The helium occluded in monazite sand can be readily obtained by tins 
jjroccss ' 


V §7 


The Two Specific Heats of Gases 


It will bo romomborod that “ speciflc heat ” is a term employed to 
represent the amount of heat required to raise the temperature of one 
gram of a substance 1° A gas can bo heated by simple compression its 
speciflc heat must then bo zero , but a certain amount of energy, equivalent 
to the speciflc heat, is needed for the work of compression Again, a gas, 
if it be expanded, is cooled , if the coohng offeet of expansion ]ust counter- 
balances the heat added to the gas, the temperature remains constant , 
ond the specific heat appears to bo indefinitely large Here work, equi- 
valent to the heat supplied, is performed by the expanding gas Those 
facts show that the condition of the gas must bo stated before it is possible 
to define its specific heat It is conventionally agreed that if the gas be 
allowed to expand during a change of temperature so that its pressure 
remains constant, the amount of heat required to raise the tempervturo 
of one gram of the gas 1° shall bo called the specific heat under constant 
pressure, and symbolized by Cp If the pressure bo increased so that the 
volume remains constant when the gas is heated, the amount of heat 
required to raise the temperature 1® is likewise called the specific heat 
under constant volume, and ^mbohzod 

In the following discussion, it will be remembered that the kinetic 
theory assumes that the temperature is proportional to the average speed 
of tra nslation of the~mowng inoleoules— an ihcroaso of the speed is acconi- 
^panied by a rise of temperatare, arid conversely The heat imparted to a 
|gas IS not spent merely m raismg the temperature of the gas , that is, in 
spoedmg up the motions of the molecules Energy is spent m — 

(i) Augmenting the speed of the moving molecules — ^Tho heat 
required to actually increase the kmetic energy of the movmg molecules 
so os to produce a nse of temperature is the same for all gases. Let a 
denote this quantity 

(z) Performmg external work — Heat energy is needed to overcome 
the pressure of the atmosphere when the gas is allowed to expand Call 
this quantity h Since the coofiiciont of thermal expansion of all gases 

1 Toepler’s pump C, is worked b> raismg tbe le\ elbng tube, 2 , air is expelled 
from the exit tabe, I,, by the mercury nsmg in m The levelhng tube is agam 
depressed, part of the oir m AS enters the globe m The air m m is expelled by 
agam raismg the levelhng tube 7, until a little merouiy runs down the tube 1. , 
the vah e n prevents mercury running back into S These ojXirationa are repeated 
until the required degree of exhaustion has been attamed 
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IS tho same (x) S3), this quantity is practically constant foi equal \olumos 
or cquimolecular weights. 

( 3 ) Performing mtemal work. — ^Heat energy is required to produce 
changes -within the molecule which may alter the motions or onentation 
of the constituent atoms of the molecule, or raise the kinetic energy of 
the atoms movmg -withm the molecule Let c denote the energy spent 
•withm the molec^e per degree nse of temperature A certam amount 
of energy must also be sx>ent m overconimg the efEects of mtermolcculai 
attractions (p 124) This can bo neglected for the time bemg 

The ratio of the two specific heats may now be written 


Gp 

Gv 


g -4- & + c 
a + c 




The specific heat of a gas at constant volume — ^Wo ha-vo scon, 
p 115, that pv ~ F® where M denotes the mass, and V tho average 
velocity of the molecules But the kmetio energy of a body of mass M 
mo-raig -with a velocity F is , hence = § x ^ilfF= , or tho kmetic 
energy of the molecular motions is ^pv But pv = BT, p 85 Henco 
the kmetic energy of molecular motTon is ^BT If one gram of gas bo 
heated 1“, the kmetic eneigy becomes ^B{T + 1) Henco if tho gas bo 
heated 1° at constant volume, the thermal value of the increased kinetic 
energy is ^B(T + 1) — 2BT = ^B cals This result represents tho siieoifio 
heat of tho gas at constant volume , or, (7® = 4 jR 

The external work done by an expanding gas — Agam, if a gram 
of gas expands agamst atmosphenc pressure when its temperature is raised 
1 , the gas, m consequence, does work by pressing back tho atmosphere, 
BO to speak The eqmvalent of this work must be supphed m the form of 
hmt This work is equivalent to the product of the pressure agamst the 
change m volime Let x denote the change m volume when the gas is 
heated 1 , under a constant' pressure, then, p(v + *) == B(T 4- H and 
BT, p 85 By robtiwtion px^B This means that when a 
^m of gas is h^ted 1 the resultmg expansion against atmospheric 
pressure does work eqmvalent to B cals ^ 

at constat pressure -Hence, B cals must be 
t ^ eqmvalent of tho energy 

rai^ 1 Otherwise expressed, if one gram of gas bo heated 1°, at con- 
stant pressure, an amount of heat equivalent to ^B 4-72 fip 10 1 

rep« fl.0 .pec* hSl ot ttcVa^icif SSr.. 

The ratio of the two specific heats of a vas 

y^£p_^R + 0 
Gf} -^B -i- c 

b^.cc , 4 , 'or X.6? -o 
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greater tlio value of c, and the smaller the value of the ratio of the Wo 
speoiiio heats This is illustrated by the following table 


Table XXXVII — Ratio of the Two Spfoifio Heats of Gises. 


Gas 

Mole 

cule 

Atoms 

per 

mole 

cule 

y 

Gas 

Mole 

cule 

Atoms 

per 

mole 

cule 

y 

Mercury 

Hg 

n 


Carbon dioxide 

CO. 

3 

1 31 

Argon 

A 


1 65 

Nitrous oxide 

N.O 

3 

1 31 

Hydrogen 

H- 

2 

1 41 

Hydrogen sulphide 

HjS 

3 

1 31 

Nitrogen 

N. 

2 

1 41 

Ammoma 

NH, 

4 

1 30 

Oxygen 

0. 

2 

1 40 

Methane 

CH, 

6 

1 27 

Carbon monoxide 

CO 

2 

1 40 

Ethylene 

CjH, 


1 24 

Hydrogen chloride 

HCl 

0 

1 ’0 

Ethane 

C-H, 

8 

1 18 

Chlorine 

01. 


1 32 

Alcohol 



1 13 

Bronune 

Br. 

2 

1 29 

Benzene 

C.H, 

12 

1 OC 

lodme 

I. 

2 

1 20 

Ether 

OiH,eO 

16 

1 06 

lodme chloride 

« 

ICl 

0 

1 31 

Turpentine 

Cl«H|j 

26 

1 03 


The ratio of the two specific heats and molecular weights — 
These numbers mean that if the ratio of the two specific heats of a gas 
be about 1 6 , the gas wdl usually have one atom per molecule, with a ratio 
about 1 4, two atoms per molecule, and about 1 3, three atoms i»r mole- 
cule The kinetio theory would have no explanation to offer if the value 
of 7 were greater than If , but no cases are known There are a number 
of discrepancies This must be expected owing to differences in molecular 
attraction, tendencies to polymerization, dissociation, etc , which affect the 
value of c The coloured gases — ohlorme, bronune, iodine, and lodme 
chlonde, with two atoms per molecule — give lower values than is usually 
obtamed with the colourless diatomic molecules , and gases which arc readily 
condensed to hquids give rather lower values than those less readily hquefied 
Hence if the ratio of the two specific heats of a gas falls mto one of 
these groups — i 6 , i 4 , i 3 — ^this fact may be taken as arcumstrmtial 
evidence, but not conclusive proof, that the molecule has a corre- 
spondmg number of atoms per molecule The ratio of the two specific 
heats of argon and the mert gases appears to bo about 1 6 , and hence it 
IS supposed that the moleoules of these gases are monatomic, like mercury 
This means that the density (H = 2), the molecular weight, and the 
atomic weight will probably have the same numoncal value Hence the 
deternunation of the ratio of the two specific heats ^ provides an indepen- 
dent method of ascertaming the number of atoms m the molecules of a 
gas without reference to the compounds of the element In the case of 
mercury, the monatonuoity of the gas has been established altogether 
apart from this roasomng 

This subject cannot be passed by without bnngmg the weak step in 
the above reasomng into prominence The low molecular heats of the 

' Tlio vnlue of y can be determmed cxpenmentally by meosunne the i elooity 
of bound in gases For tins sec any text book on Physics 
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„ert ga». »:e »=.»«ed to prove 

coles But It IS easy to see that if Uttle or no heat ^ ^ 

internal work when the have monatomic 

with polyatomic molecules mgh p ohenucal com- 

moleciiles thfS cannot be 

pounds, and hence the number o Avogadro’s hypothesis 

detennmed by the usual methods based upon .i.„_ 

S^^ocottottta moMea ot A-' 

r. wluoh do form volatile ehemi«l eompopoda 

6 8 T&e Speoiic Heats of Elemenfaiy Solids-JJiilong and Petit's 
® Rule 

The atomic heat, that is, the thermal capacity of the a^ms of an 
plpment is the nroduot of the specific heat and atomic weight of the elenient 
P L Didong and A. T Petitff 9) m their study of the speoifio heate of 
different solfd elements obtained a remarkable result T^ey found The 
product of the atomic weight, 

nearly always the same numerical value — 6 4 , orsay 6 — Dulong Petit s 

JSe This means that the atomic heats or the toal capacity of the 
atoms of the elements are approximately the same The relation is usually 

In illustration, a few elements may be selected at random from a list 
oontammg nearly 60 elements for which data are available 


Table XXXVIII — Atomic Heat of Elements 


Element 

Specific heat 

Atomic weight 

Atonuc heat 

1 

Lithium 


6 94 

0 53 

Silver 


107 88 

6 03 

Gold 


197 2 

6 25 

Copper 


63 57 

6 88 

Bismuth 


208 0 

0 34 

Lead 


207 10 

6 52 

Alummium 


27 1 

5 81 

Iron 

01098 

65 85 

6 12 

Uranium 

0 0277 

238 6 

0 61 


The atomic weights here range from 6 94 to 238 6 , and yet, when multi- 
phed by the respective speoifio heats, the products are nearly constant 
Rigorous agreement cannot be expected. The divergencies are too large 
to be accounted for by the inevitable errors of observation involved in 
measunng the specific heats, but the very irregulanty of the divergenoios 
leads to the view that Dulong and Petit’s law approximates to a truth, 
and that the observed differences are due to disturbing effects which are 
not functions of the atomic weight — e.j/ ciystallme form 

Influence of temperature on the atomic heats of carbon, silicon, 
boron, and beryllium — Sihcon, boron, beryihum, and carbon, at ordinary 
temperatures, have atomic heats represented respectively by 4 8 , 2 6 , 3 4 , 
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and 1 35 , but at bighor tomperaturos these olomonts appronmato close 
to 6 This IS illustrated by the diagram, Eig 212, irbioh represents the 
influence of temperature on the atomio heats of the elements named The 
spooific heats of sihoon, boron, berylhum, and carbon change with tempera- 
ture, until a pomt is reached at which they are nearly constant This 
pomt IS near 600° for carbon and boron, and about 200° for sihoon The 
atomic heats of the elements generally, diverge as the temperature falls, 
and converge towards a constant value as the temperature rises, c g 



O 

O 

to 

1 

-100" 

-60“ 

0" 

60" 

Silver 

4 07 

6 40 

6 80 

1 003 

606 

Oold 

6 26 

6 64 

6 78 

6 07 

0 10 

Bismuth 

6 40 

6 07 

6 80 

6 00 

6 27 

Aluimmnm 

3 71 

4 64 

6 10 

6 08 

6 80 


Some behove that the divergencies are mainly due to the foot that the 
temperatures at which the spooific heats have been detomunod stand m 

a diflerent relation to their pomts of 
fusion Lead, for mstance, at the tern 
perature of boilmg water, is much nearer 
its fusion temperature (327°) than mm 
(meltmg at 1630°) would be , but in the 
case of many elements, the specific heat 
does not change very much with such 
small changes of temperature A more 
likely explanation is to assume that the 
divergencies are due to differences in the 
configuration or orientation of the osoil- 
latmg molecules or the atoms of the sohd 
elements We have seen that the heat 
required to raise the temperature of a 
body, acoordmg to the kmetic theory, is 
spent m raismg the kmetic energy of the 
molecules , and probably also m raismg 
the kmetio eneigy of the constituent 
atoms, m raismg the volume of the 
body , and in ovoroommg molecular attractions The coefficient of thermal 
expansion of sohds is small, and therefore also the work of expansion of 
sohds agamst external pressure is smaD The difference between the specific 
heats of a sohd and gaseous element is usually great Thus lodme, gas, 
hasanatomioheat3 3, and iodine, sohd, 6 9 , bromme, gas, 4 7 , bronune, 
solid, 0 7 Variations in the complexity of the moleoiffes of an element 
lead to similar differences. Thus the specific heat of amorphous carbon 
IS 0 2009 , graphite, 0 2000 , and diamond, 0 1470 , the specific heat of 
ordinary tin is 0 0659, and of allotropic tin, 0 0645 Similarly, differoncos 
m the physical condition may also produce an effect on the specific hoot 
Thus the specific heat of hard tempered steel is 0 1176, and of soft tom 
pored steel, 0 1165 Consequently, it must bo inferred that the heat does 
important work other than merely raismg the kinetic energy of the 



Fig 212 — Effect of Temperature 
on Atomio Heat Curves 
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molecules It is therefore strange that the relation pomted out by 
Dulong and Petit does not exhibit greater divergencies 

The rectification of atomic weights by Dulong and Petit’s rule . 
Cw — 6 4 It -will bo obvious that if the specific heat of an element be 
known, it is jmssible to compute an approximate value for the atomio 
weight Tlie number so obtained may be useful for decidmg between 
two numbers which are multiples of a common factor The method is 
obviously only apphcable to elements whose specific heat can be deter- 
mined A E Tilden (1900-3) tried unsuccessfully to find the conditions 
of temperature for which Dulong and Petit’s law holds absolutely Hence 
he concluded that the usual apphcation of this law to the rectification 
of atomic weights “ is a rough empirical rule, winch, settmg aside silicon, 
boron, berylhum, and carbon, is only available when the specific heats 
have been determmed at comparatively low temperatures, usually and 
most converaently between 0° and 100“ ” 


£xAuri>ES — (1) ViTiat w the atonuc weight of silver nssaming that the specific 
heat 13 0 0650 t Here, 6 4 0 06fi9 = 108 nearly This la closo to tho accepted 

value for the atonuo weight of this element 

(2) Platmuni chlonde, on analysis, furnished 36 6 grams of chlorine per 48 G 
grams of platmum Tho specific heat of platmum is 0 0324, and the atomic 
weight 18 approximatelv 6 4 — 0 0324 = 197 6 Hence, since 197 6 — 48 6 =4 
(nearly), it follows that if the atomic weight of chlorine is 35 6, the atonuo weieht 
of platinum must be nearly 48 6 X 4 =: 194 

in^um was first discovered the analysis of its cWondo furnished 
iQdiurn 37 8 , cblonne 36 6 The equivalent of indimn is therefore 37 8 The 
form^a of the chlonde was thought to be InCl., and tho atomic weight was 
accordmgly reprewnted 75 6 The s^cific heat of the metal was found to be 
® ^ ® =46 If 75 6 bo the correct atomic weight, the 

would approxinia to closer to 6 4, and hence it was inferred that 76 6 is 
not the ranect atomic weight of indium, rather does the atonuo weight anproxi- 

.lofmcSsteoftlm etooM ’ " ““ «» 


§ 9 Molecular Heats 

— The molecidar heat or thermal capacity of tho molecules of 

beatWite moleoXr wmghl 

^ ? ^oumann noticed that Ibe product of the specific heat and 
ooi^unds of similar composition is nearly con- 
stanf-Neumann’s law The value of tbe constant vanes S 
senes of compounds to another Thus 

Ta^e XXXIX — ^MoLFcouAn Heats op Sowds 


Car- 

bonates 

MoL wt 

Sp 

heat 

Mol 

heat 

Chlonde 

Mol wt 

Sp 

neat 

Mol 

heat 

OaCOj 

SrCO, 

BfiCOj 

PbCOa 

.T P 

100 09 
147 62 
197 37 
277 02 

0 206 
0146 
0109 

0 080 

20 6 

21 3 

21 4 

21 3 

BaOI. 

SrCl.' 

HbCi, 

Hgd- 

208 29 
168 64 
277 02 
270 02 

0 090 

0 12 

0 066 

0 069 

18 7 

19 0 

18 3 

19 2 


compound ,s nppn.nnn«Wy fte o™ „i 4, .to™ 
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olomonts— Joule’s law ^ H Kopp (1865) orpressed this by saying that 
each element has the same atomic heat m compounds as it has m 
the free state This means that if 6 4 be tlie atomio heat of each 
element, and the compound contains n atoms, tho molecular heat of the 
compound i\j11 bo approximately 6 4ii Othermso expressed, the 
quotient obtained by ^viding the molecular heat of a compound by 
the number of elementary atoms in one molecule is approximately 
equal to 6 4 There is obviously a difficulty uith tho carbonates This 
is possibly connected with tho difficulty previously found for carbon 
Further, if tho atomic heats of all but one of tho elements in a compound 
bo known, the unknoim atomio heat can bo computed , thus, tho atomic 
boat of chlorine m load ohlondo is J(18 3 — 6 4) = 69 A comparison of 
the results of experiment with calculations based upon Neumann’s and 
Joule’s laws is indicated m tho following table 


Tabi r XL — jroi Eooi ar Heats of Soi idu 


Gomponnd 

Formula 

Sp heat 

Mol vroight 

Molecular heat 

Obsorv ed 

Calculated 

Morcuno ohlonde 

HgClj 

0 0689 

270 02 



Mercurie iodide 

Hgl. 


453 84 



Mercurous chloride 

HgCl 


236 46 



IMerourous iodide 

Hgl 

HHI 

320 02 

12 01 

12 0 


There are many disorcpanoics, as might bo expected, and for the reasons 
stated in connection with tho atomio heats of tho olomonts 

Exampi es — (1) Calonlato the specifio hoot of solid oxygon gi\ on tlio spocidc 
boat of potassium clilorate, EClOj, 0 191 , and that of potassium clilorido 0 171 
Hore the molecular heat of potassium ohlorate (moleoulnr weight X speciCo heat) 
IS 26 7 , ond of jKitassium ohlonde 12 8 Tho difference 26 7— 12 8 = 12 0 repro 
sents the molecular heot of Oj, hence the atomic heat of oxygon will be J uf 
12 9 = 4 3 By defimtion, atomic weight x epociflc heat of sohd = atomic heat of 
sohd =43 Hence, the specifio heat of sohd oxygen will bo 4 3 — 10 = 0 27 

(2) The specific heat of silver ohlonde ISO 0011, and that of silver, 0 067 assuming 
the atomio weight of bi 1\ er to be 107 9 what is tho specific heat of sohd chlonno ? 
Tho molecular heat of silver cldonde is 13 1, and the atomic hoot of silver is 6 2 
Tho difierence 13 1 — 0 2= 69 reprosonts the atomic heat of sohd chlorme The 
specific heat of sohd cblonne is therefore 69->-107 0 = 0 004 

The molecular heats can be employed to rectify the atomic weights 
of elements which do not form volatile compounds TIius, the analyses 
of mercurous and of merourio salts indicate that the atomic weiglit of 
mercuiy may bo 100, 200, If the atomio weight be 100, tho formula 
of mercurous chloride will bo HgjGl, and of merourio chlondo, HgCl , while 
if tho atomic weight bo 200, the fonnulm inll be those indicated m tho 
above table 

» This rule is sometimes called after A 0 Woestyn, 1848 j and after H Kopp, 
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Ex VMPLES — (1) The analvffls of banum ohlonde fumiahes 36 6 parts of clilormo 
per 68 7 jjarts of banum The specifio heat of banum is 0 0466 WHiat is the 
atomic Height of banum, when the atomic we^ht of chlorine is 36 6 f The 
formula of banum chlonde may be wntten BorCl, where x is to be determined 
The atomic weight of barium, by Bulong and Petit’s rule, will be of the order 
6 4 — 0 0406 = 137 Takmg 36 6 as the atomic weight of chlonne, the fraction x 
must be of the order 68 7 -i- 137 = ^ Hence the lormula of banum chlonde is 
BaiCl, that is, BaCU, or some multiple of this Hence the atomic weight of barium 
(cluonno, 36 6) must bo 2 X 68 7 = 137 4 

(2) The percentage composition of platmum ohlonde is Platinum, 67 7 , 
chlonne, 42 3 The specific heat of platmum is 0 0824 What is the atomic weight 
of platinum ? Bhnt, see (2) m the List but one set of examples ^e ratio of the 
constituent elements is as 48 6 1 36 6 , the atomic weight is of the order 197 6 , the 
ratio X IS nearly ^ , and hence the formula of the chloride is PtCli or some multiple 
of this Hence, assummg the atomic weight of ohlorme is 36 6, the atomic h eight 
of platmum wiU be 4 X 48 6 = 194 4, 


Gases and hqtuds — ^The molecular heats of gases vary according as 
the specific heats have been determined at constant volume or constant 
pressure The ratio of the two molecular heats of gases corresponds 
wth the values determined for the ratio of the two specific heats The 
molecular heats of monatomic gases at constant volume apprdximato 
to 3 , of diatomic gases, to 6 , of tnatomie gases, 1\, etc The molecular 
heats of liquids are generalli^ greater than of the corresponding vapours 

The meaning of Dulong and Petit’s rule —The fact that the 
atomic heats of all elements are approximately the same, led Dulong 
and Petit to infer that “the thermal capacity of aU atoms is tho 
same ’’ This means that every atom— no matter of what kind, requires 
the same amount of heat to raise its temperature 1® Joule’s rule means 
that each elementary atom retains the same capacity for heat when it is 
oombmed as it had when free The number and kmd of other atoms 
present and their mode of combmation seem to have no influence on the 
numerical value of this property It must be added that we can form no 
real conception of the “ temperature of an atom ” or of the “ temperature 
of a molecule ’’ All our conceptions are based on the properties atoms 
and of molecules e» masse It is often stated that at the “ absolute zero ” 
of temperature, —273'’, afomte motion must cease This is a mere assertion 
of no lutnnmo value, and probably wrong The statement vugld be true 
of the translatory motion of atom or molecule Accordmg to the kmetio 
thwiy, temperature is proportional to the kmetic energy of the molecules 
and accordmgly, as mih^ted previously, Dulong and Wt’s rule points 

observations of Neumann and Joule indicate 
th^ the con^tu^ atoms of a solid compound behave as if the sohd were 
a mech^c^ mutoe of its component atoms, and each atom were free 
to vibrate mdependently of the others (see p 122) 

In 1871, L Boltzmann showed that the kmetic anrl i 

of the molecules of a monatomic sohd vibratme about energies 

hbnum are equal m magmtude, and that the totol^energy^f 
solid IS shared equally between the average km^c and^Jnf! i ^ 
and IS tivioe the value of either alone J a monatomio^Jf ^ ^ ener^es, 
with a solid with monatomic molecules the ® ^ ^ contact 

molecules ivill produce a IS oTt^;^a? the gaseous 

kmetic energy of the vibratmg atoms of the sohd^S^ 
kinetic energy of the translatory motions of the mokcSonh?|as“®^t 
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IS sho^m on p 666 that the Icinetio energy due to the molecular motions is 
^RT, and therefore the total energy — ^I^etio and potential — ^is 2 X ^RT, 
or SET, where R is nearly eqmvalent to two calones per gram atom per 
degree Accordingly, the atomic heat of the sohd will be 3N = 6 nearlj 
Thus Boltzmann arrived at a reasoned explanation of Dulong and Petit’s 
law which had been derived empirically at the b^inning of the century 
StiU later, A. Emstem, m 1907, extended to heat an earlier hypothesis of 
Planck (1906) on the radiation of hght The evolution and absorption of 
energy are not supposed to be oontmuous processes, but they are assumed 
to take place per saltvm m quantities e, 2e, 3e, but not m mtermediate^ 

amounts ie, ie, The mathematical treatment of this hypothesis gives 
the expression 

Atonuo heat = 3E ; r. a 

(e«— 1) 

where « is wntten m place of fiv/T, and )8 is written m place of h/k, where 
L IS the atomic gas constant and is eqmvalent to the ordiiiaiy gas constant 
R divided by the number of atoms per gram atom of gas (approximately 
608 X 10®®) , 7ns a fundamental constant numerically equal to 6 62 X lO”®", 
such that e = Av, where i> represents the frequency of atomic vibrations 
which can be determmed from spectrometnc observations in the infra 
red. The magnitude e is called a quantum of energy , and the funda 
mental hypothesis, the quanta theory of energy When T is large, the 
correction is small, and the atomic heat reduces to Boltzmann’s 3R 
Emstem’s formula oonneotmg the atomic heats of solids with their vibra- 
tion frequencies was veiy promismg, smee it gave results m close agreement 
witb observations on the variations of the atomic heats of silver, ^amond, 
etc , over a range of temperature from about —238° to about 900° W 
Nemst and P A Lmdcmann (1911), P Debye (1913) and others have smee 
improved the fundamental assumptions so much that J H Jeans (1914) 
could write “ The apphoation of the quantum theory to the explanation of 
low temperature specific heats, from its complete naturalness, and from its 
agreement with experiment, seems destmed to be final ” 


Questions 

1 How may the composition of air be determined 7 Would the composition 
of the air bo represented either by the formula NiO or N* + O ? Qi\ e reasons 
for your answer — Cambridge Sentor Locale 

2 State the law of Dulong and Petit and explom its apphcation Discuss 
its hmitations to the determination of atomic weights — Coll of Preceptors 

3 COassify m some logical way the venous components of the air Giio 
proof that the air is a mechanical mixture Explam how mtno acid is manu 
factured from certam components of the air, and tell why this process promises 
to he of very great importance — Pnneeton Umv USA 

4 Show (a) how a mixture of chlonne and hydrochlono acid may be freed 
from the latter, (6) How hydrochlono acid may be freed from moisture, (c) 
How ammoma may be freed from moisture , (d) How a mixture of mtrogen and 
oxy^n may be fre^ from the latter , (e) How a mixture of mtrogen, hydrogen, 
ond nydroohlonc acid may be freed from the latter two — Amherst Coll , V 

6 A given volume of air is left in contact with hme (calcium oxide) , a second 
volume of air is shaken up with an acidified solution of ferrous sulphate Care 
fully desonbe tlie changes which occur in the air and m the reagent in each cose 
— Vnw North Wales 
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Phosphorus 


§ I Phosphorus — Occurrence and Manufacture 

Atomic Treight, P = 31 , molecular •weight, P 4 = 124 Ter and quinqnevalent 
Melting pomt of yellow, 44® , boiling point 290“ Specific gra-vity at 10“, 1 83 } 
vapour density, 127 1 (H» = 2) , 4 42 (air = 1) 

Bone-ash — The animal skeleton is mainly composed of hone Bones 
contain non-comhustible mineral matters, and combustibleorgamc matters 
Patty orgamc matter can be eictracl^ by digestmg the bones ■with solvents 
like benzene, carbon disolpbide, ether, chloroform, etc , Tviuch dissolve 
the fat, and leave behmd “ degreased bones ” , the gelatmons matters — 
glue — can be extracted by digestmg the bones "with water heated under 
pressure — “ degelatimzed bones ” remain behincL The degelatimzed bones 
stdl contam combustiblo carbonaceous matters, and if they be heated in 
iron retorts, out of contact^'with air, gaseous and liqmd products distil 
over, and a residue of “ ammal charcoal ” remains m the retort Dippel’s 
bone oil occurs among the hqmd products of the distillation A siniilar 
result IS obtained if degreased or raw bones be heated m the retorts If 
ammal charcoal, or degreased, degelafamzed, or raw bones be heated m 
air, the orgamc matters bum, and tone ash remams 

The manufacture of phosphorus— retort process — If powdered bone- 
ash be mtoately mixed with sulphunc acid, white insoluble calcium 
^phate 18 formed It is best to add just sufiScient sulphunc acid to trans- 
form aU the hme mto calcium sulphate The insoluble matters are 
separated by ffltration and washed The clear filtrate is evaporated to 
a syrupy hqmd, nped with about one-fourth its weight of coke or 
charcoal, and dned fay heatmg m cast-iron pots The dried mixture is 
thm heated to recess m fireclay retorts with their necks dipping nnder the 
Mrface of the water A mixture of hydrogen and carbon monLde 
CTcapes, and crude phosphorus condenses as a dark brown sobd. 
tta .t . .rferred that bone aah . a eompo 

The cheimstiy of the process is somewhat as follows Bone ash a ' 
more or less impure fonn of calcium phosphate Ca fPn 1 ^ i 

IS treated with sulphuric acid, calcium sSS 
normal phosphonc acid Ca,(PO,), + 3 ^s 6 ^H^S 0 ^ 2 H 
or calcium superphosiAate CaH fPO l i 

tthen the ev^ratefSSf'i hii^TSt Ihettheteea^, 

HPO 3 , 18 formed H-PO, = H,0 + ^0 nn J ^Phosphono acd, | 

heated with carbon, is reduced to the elnmpnf when J 

= 6C0 -F a, 4 . 2P ^ phosphorus 2HP0, + 60 “ 
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The manufacture of phosphorus — electrical process — If bono asli 
be mixed with veiy finely divided silicai and eoke, and heated m fireclay 
retorts to a high temperature, a snnilairproduot is obtamed The yield, 
however, is not so good unless the temperature is inconvemently high 
If the mixture be heated in an eleotnoal furnace fitted with carbon rods for 


oonduotmg the electno current as illustrated m Eig 213 , the production 

of the high temperature presents no 
difficulty, and phosphorus distils over 
Liquid dag is penodically tapped and 
C run from ttie bottom of the furnace D, 

and a new charge mtroduced so that 
the process is continuous. The charge 
is fed mto the hopper A, and thence 
passes mto the chamber B, and to 
the conveyer C, which works some- 
tbmg like an Archimedean screw, 
and Carnes the charge to the furnace 
At the beginmng of the operation an 
altematmg current is sent through a 
pair of thm carbon “ electrodes,” not 
shown m the diagram, until the 
furnace is hot Tlhen heated, the 

_ -r.1 1 r- _ f *1. resistance of the furnace is reduced, 

Fio 213 — ^Electnoal Furnace for the , . x i. xi. ’ 

Manufacture of Phosphorus and a current IS sent through the 

electrodes E, and the thin electrodes 


■ 


^} \\L\!iryiy//yyA9Zi^ 

\m\ 


are withdrawn The phosphorus vapours and gases escape through a 
tube 0 To prevent misunderstanding, it may be necessary to point out 
that the electnc current does its work by raising the temperature of the 
mass, not by eleetrolysis. 

The chemistry of the process is somewhat as follows When calcium 
phosphate is" heated wiftHBrioly divided 'Bih6a,'~Ei02, calcium silicate, 
tCaSiOj, and phosphonc oxide are produced Ca3(P04)2 + SSiOj = SCaSiOs 
4 + P2OB The latter is reduced by the carbon P20 b + 60 = 600 + 2 P 
iThe addihon of a fiiu ke^s the calcium sihcate in a fimd condition and 
^enables it to be happe 3 ”from the furnace as a molten slag The carbon 
rprobably accelerates the rate of decomposition of the phosphate by the 
‘silica because the reaction progresses more qmckly at a lower temperature 
^m the presence of carbon than when carbon is absent Mineral phosphates 
He g sombrents) are also used m place of bone ash for the preparation of 
{phosphorus. 

The purification of phosphorus — ^Tho crude phosphorus obtamed 
by the processes of manufacture just desenbed, contains carbon and other 
impurities The methods of punfication used by many manufacturers 
are guarded as trade secrets. According to the text-books, phosphorus 
18 purified by redistillation from iron retorts, or by wamimg the phosphorus 
with a mixture of^sulphunc acid and potassium dichromate so as to oxidize 
some of the impunties , other impurities nso to the surface as a scum, and 
leave a layer of clear and colourless phosphorus at the bottom of the tank 
The molten phosphorus is then allowed to fiow mto a tube of half-mch 
boro of such a length that the phosphorus has time to cool before it roaches 
the end of the tube The phosphorus is drawn from the tube under water. 
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and cut into sticks about 7^ inches long Nine sticks weigh about a 
pound 

The occurrence of phosphorus — Phosphorus, of course, does not 
occur free in nature, because it is so very readily oxidized in contact with 
air It 18, however, rather widely distnbuted m combination with oxygon 
— as phosphates — such minerals as sonibrente, phosphorite, and “ phos- 
phate rook ” (of South Carohna, Flonda, and Tennessee), all of which are 
more or less impure oalcium phosphates Ga3(P04)2 , m chlor apatite — 
3Ca3(P04)2 CaClj , fiuor-apatite — 3Ca3(P04)2 CaFj , wwamte— Pe3(P04)2 
HjO , toavdlite^-AAIPO^ 2A1(0H)3 Q'^0 It also occurs m coproht^ 
The commereial value of these minerals is determined by the amount of 
phosphorus they contam Some native phosphates are valued for the raro 
earths associated with the phosphotio acid — e g monazite , and some 
phosphates are present in certain gems — ^turquoise, lazulite, etc 

The phosphorus cycle in nature — Small quantities of phosphates aro 
found in granitic rocks By the weathering and decay of these rooks, the 
combmed phosphorus ultimately finds its way mto the soil, spring water, 
and the sea All fertile soils contain phosphoms, since phosphorus is 
needed to budd up certain essential parte of vegetable tissue The equi- 
valent of one pound of phosphorus is said to be present m about 100 lbs 
of com, and in about 1200 lbs of fodder Ammals feedmg upon plants 
or upon herbivorous animals concentrate the phoqihorus in their bones 
and tissue The waste of muscular and nervous tissue involves a decom- 
position of the phosphorus compounds The products of decomposition 
are earned by the blood to the kidneys, and there excreted with the unno 
—chiefly as sodium ammomum phosphate Hence phosphorus finds its 
way back to the soil Hence too the ongm of the phosphorus m the largo 
deposits of guano— the excrement of seabirds— on the islands off the 
Pemvian coast, and a number of islands m the South and the Canbbean 
Seas. Many islands have been “ stripped ” from the guano they once 
contained. Nitrogenous matters and potash, all valuable manures, aro 
also associated with guano The guanos have undergone more or less de- 
composition by the action of ram, etc , and they are sold on the " per cent, 
of mtrogen they contain Some guanos are enriched by the addition 
of dried blood, ammomum phosphate, etc , and sold as special fertihzers 
“ generaUy supposed that phosphorus was accidentally 
?Ji ?i alchemist m Hamburg, between 1668 and 1669 

a ^rture of sand and concentrated urine, during his quest 
for a^bstence which would turn the base metals mto g,;id We am Si 
that Brand s secret was sold to D Krafft for about Tf 
that the secret was commumoated to or else inderw»r ^ possible 

J Kunekel about 1678 A couple % y^^ I 

lated by the rumours of the process of preparation bv 
a method of prepanng phosphorus similar^ J also found 
1769, G tW oiZ Brand 

In tho ©ighteonth centurv, tho term ** nima i, 

substances like commercinTbanum *^nd c£S^«7\ aPP^ed to 
(pi....), 1 03., n>nn 
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the substance discoTcred by Brand, becanse it too gloired in the dark. 
Terms hke “ Brand’s phospboms ” ‘ Knnfcel s phosphoms ’ “ Boyle s 
phosphoniSj” “ Engbsh phosphorus,” “ phosphorus nurabilr^” and “ phos- 
phorus Igneous ” vrere used by the eariv Tmters on chenustiy- Later 
the term “ phosphorus ” ■was restricted to the element phosphorus -now 
under discusion A- L. Lavoisier proved that phosphorus is an element, 
and he investigated some of the products formed when phosphorus is 
burned m air 

§ 2 The Allotropic Modiiicatioiis of Phosphorus 

It IS generally stated that there are two well defined allotropic modifi- 
cations of phosphoms — yellow and red 3Iany other so called allotropic 
forms have been desenbed, but there is some uncertamty whether the 
discoverers have not been deceived by the effect of impurities on the 
properties of phosphoms Some consider the alleged ‘ black phosphoms ” 
to be a mixture of phosphorus with some metafile phosphide The 
allotropy of phosphoms is more complex than is the case with sulphur, 
and it is not yet possible to give the conditions under which even the 
better kno'wn allotropic forms are stable 

The properties of yellot? phosphorus — This form of phosphorus has 
also been called “ octahedral, ’ “ common,” “ colourless, ’ “ ■white, ’ and 
“ non-metalho ” phosphorus. It is a translucent, almost colourless sohd 
which soon becomes coated with a ■white opaque crust If exposed to 
hght, jellow phosphoms rapidly darkens m colour At 0® it is hard and 
brittle with a crystalhne fracture, at ordmary temperatures it is soft 
enough to be cut with a knife It melts at 44® under atmospheric pressure, 
and at 52 S® under a pressure of 300 atmospheres When molten phos- 
phoms 15 cooled the temperature can be reduced much below the meltmg 
pomt ■without Eohdification, owing to the effects of undercoohng Phos- 
phorus boils at 278 3® (762 mm.), and at 165® under a pressure of 
120 mm., but it vaponzes at a much lower temperature Por instance 
when phosphorus is heated to 40® m the lo^wer part of a flask m an atmo 
sphere of carbon dioxide, ciystals of phosphoms sublime on to the upper 
part of the flask. Yellow phosphorus also sublimes at ordmaiy tempera- 
tures in vacuo when exposed to the hght Yellow phosphoms igmtes 
at about 30® m air, saturated with moisture the inflammation tempera- 
ture IS higher the drver the air When phosphoms bums in air dense 
white clouds of phosphorus pentoxide, PoO,, are formed. If, however, 
the phosphoms and oxygen be perfectly dried by exposure to the desic- 
cabng action of phosphoms pentoxide, phosphorus may be melted and 
even distilled in oxygen with veiy little oxidation 

The mflammation temperature is so low that the heat of the bodv 
suffices to raise the temperature of the phosphorus above its kindhng 
temperature and hence phosphoms should always be ‘handled with 
the forceps, never ■with the bare fingers unless under water Bums pro- 
duced by phosphorus are very painful, and heal very slowlv The fumes 
of phosphoms ire poisonous. Persons constantly exposed to their action 
are hable to suffer from caries (rottmg) of the bones of the jaw and nose — 
“ fosg' jaw ’ Phosphoms itself is poisonous , it is stated that a 0 1 
gram dose is fatal to man. 
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On account of its inflanuuabiliiy, phosphorus is usually proserrod 
under vrater m which it is almost insoluhle — one part phosphorus dis- 
solves in 300,000 parts of water, but it readily dissolves inlcarbon disulphide, 
sulphur chloride, phosphorus trichlonde, etc , and it is also soluble in 
chloroform, benzene turpentine, alcohol olive oil, etc/ Octahedral 
crvstals of yellow phosphorus are obtamed when the solution in carbon 
disulphide is allowed to evaporate If a piece of blotting paper be soaked 
with a solution of phosphorus in carbon disulphide, and the solvent be 
allowed to evaporate, the finely divided phosphorus which remains behind 
igrates spontaneoudy m air owmg to its rapid omdataon If a httle phos- 
phorus be placed in water, and the water is boded, phosphorus volatilizes 
with the steam , if the vapour be passed through a condenser with tlio 
apparatus in the daik, a luimnous ring appears where the steam con- 
denses If 'much phosphorus be present, globules of phosphorus mil 
collect m the receiver This is the prmciple of E hlitsoherlioh’s process 

^the detec tion of phosphoru^ ^ 

XKe "'oxidization of phosphorus — When phosphorus is exposed to> 
ordinary air m the dark, it emits a pale greemsh hght, and grves off whiW 
fumes with an unpleasant garhc-hke smell The fumes of phosphorus 
moist aur are mamly P^Og, and the glowmg or phosphorescence of phos4 
pliorus appears to be an effect of oxidation — no oxidation, no glow 1 
Phosphorus does not glow at temperatures much below 0°, and not mj 
inert gases— carbon dioxide, mtrogen, etc Phosphorus does not glow 
in pi^ o^gen below 15°, but it does phosphoresce if the oxygen be shghtlvl 
rarefied, or dduted with an inert gas , and the glow in air is stopi^ 
the air be compressed Thus a certain cntical pressure of the o^sen ib‘ 
needed to start the phosphorescence The glow in air is stopped if ^es^ 
ra gases which de^oy ozone be present— e ff hydrogen sulphide, ethylene 
turpentme, etc Hence ozone appears somehow to be connected with tlio 
m moi 5 t^°°"°® product of the oxidation of phosphorus 

more or less plausible hypotheses have been 1 t ^ number of 

hns not been V devise?^ experiment 

take part m the oxidation, and that Bome^twS^ni^^f i^ * oxygen alone 

mto two atoms, each atom aoouires at tha “r® dissociated 

siffn O, = 0+ ITo- ® electnc choree of ODOositc 

electnc charge , and the atoim of atoms \nSk one Lnd ol 

The dissociahon of the oxy^n m^l^eTs* nSt f 

but antecedent to it Anot&r hypoth^ ronBequcnce of the oxidation, 

in 5 ™*' o^dized by direct umon with a whole mniomfio atom of phosphoruE 
PsOj This then decomposes, giimir atomic say, 

atomic o^gon then umtes with wdmiry oxyeen ~ F‘^ ® 

“VS.. 

etpo,ed to aur^a^ yellow pho^hoiua u 

m an mert gas or tre t/Stw’ or when nhfS ^ 
discharge— silent or spark— it roon to an electnc 

aUotropio modification^hich sometiS^af*® °hoooIate.ted coloured 
This vanety IS called red phoSm ^ 

P ospnorus The conversion of yeUow into rec 
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Pio 214 — The Prepa 
ration of Red Fhoa 
phoTua (L Mo>or) 


phosphorus is convoniontlj' illustrated by scaling up a small piece of yellow 
phosphorus in a glass tube, A, Pig 214, and hanging tho tube in the 
tapour of boiling diphenylaniino (boiling point 310°) Tlio vapour of 
tho diphenylaniino condenses in the long neck, and 
runs back into tho flask Tlio yellow phosphorus 
mil soon bo com cried into tho rod ^anotv Tho 
chango proceeds mth almost ovplosivo \aolonco 
when tho phosphorus is heated under pressure to 
about 350°, that is about 60° abo\ e tho boibng point 
of phosphorus, at 300° tho chango is moderately 
fast ^0 speed of tho transformation can bo 
accelerated by tho addition of a trace of iodine In 
the presence of this catalytic agent, tho change is 
fairly fast at 200° 

Ir The manufacture of red phosphorus — ^Red 
phosphorus is made commercially by heating yolloiv 
phosphorus in a gloss or porcelain a cssol embedded 
m sand placed in a largo iron pan Tho \csscl con 
taimng tho phosphorus is covered mth an air-tight 
lid, and provided mth a safety tube dipping m 
water m case tho pressure inside tho closed \essol 
bcoomos too great When most of tho air has 
been expelled, tho safety tube is closed, and tho 
phosphorus is heated until it is converted into tho 
rod vanety Tho product of tho action is ground mth water, and boiled 
with sodium hydroxide solution so as to remove tho unaltered yellow 
phosphorus T^io residual red phosphorus is then washed mth water, 
and dned, or proserved yvot mth water 

The transition point red to yellow phosphorus — ^Ecd phosphorus 
1 18 tho stable form at ordinary tomporatuies, and yellow phosphorus the 
' unstable modification The reason tho yellow phosphorus docs not pass 
into the red form at ordinary temperatures is duo to tho extremely slow 
velocity of tho chango By the distillation of red phosphorus at 290°, 
yellow phosphorus is obtained, and at ordinary pressures tho transition 
pomt of tho stable red into the unstable vollow is masked by tho vapon 
zation of tho phosphorus However, when red phosphorus is heated 
under pressure in capiUaiy tubes so ns to pro 
vent distillation, it forms a y ollow fluid at 610°, 
and red particles begin to separate from tho 
ccohng solution at 680° At 670° the moss 
turns red Red phosphorus melts at 689 6°, 
under 43 atm pressure Tho vapour pressure of 
yellow phosphorus is greater than tho red , tho 
curves cannot be earned above 400° bccauro tho 
yellow phosphorus passes into the red vanety so 

Fro 215 —Vapour Pressure 400° The two vapour pressure 

Curves of Phosphorus curves are illustrated in Fig 216 Doth ourv6S 
converge towards the incltmg pomt ns is tho 
case mth allotropic modifications of other elements It is inferred that both 
vaneties would be m equilibnum mth the vapour phase at the melting 
point — ^near 600° — were it not for the disturbmg phenomenon just mdicatedi 
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Solubility of red phosphorus — Red phosphorus is practically insoluble 
in the ordinary solvents vrhioh dissolve yellow phosphorus Red phosphorus 
IS soluble in j^osphorus tnbromide, and in alcoholic potash If the solution 
in phosphorus tnbromide be boiled for some £i5ie/wHat is supposed to be a 
mixture of red phosphorus and phosphorus tnbromide separates as a scarlet 
red powder — Sdienk’s scarlet phosphorus This resembles red phosphorus 
m many of its properties, but is rather more chemically active, as might be 
expected from its extremely fine state of subdivision This vanety of red 
phosphorus has not been prepared free from the solvent in which it is 
formed When the red-coloured solution of ted phosphorus m alcohoho 
potash 18 acidified, a red powder is precipitated Some believe that tins is 
nothing but impure red phosphorus , others beheve that it is an impure 
phosphorus suboxide — The analysis is difficult because of the 
impurities associated with the precipitate, and hence the question has not 
been definitely answered. 

The crystallization of red tind yellow phosphorus — Ciystals of 
yellow phosphorus are obtained by the slow evaporation of a solution of 
phosphorus m carbon disulphide, or by sublimation %n vacuo or in an 
atmosphere of an ineit gas Small rhombohedral crystals of red phos- 
phorus are formed by heatmg ordmory red phosphorus under pressure 
at 680°, or m a sealed tube -with metafile lead at about 600° for about 


eighteen hours The lead dissolves the phosphorus at the high tompeia- 
ture, and rejects the dissolved phosphorus on coohng m the form of rhom- 
bohedral crystals. The lead can be dissolved away by means of dilute 
mtnc acid followed by boilmg with concentrated hydrochlonc acid. This 
form of red phosphorus is sometimes called Hittorf’s phosphorus, or 
metalhc phosphorus, or “ rhombohedral ” phosphorus ^ 

Chemical properties — Red phosphorus is less chemically active than , 
ordmary yellow phosphorus. This agrees with the fact that the passage ‘ 
of the yellow to the red vanety is attended by an evolution of heat 
Pyellow = Pred + 4 Cals , and hence it is generally stated that rod 
phosphorus contams less available energy than yellow phosphorus Red 
phosphorus takes fire when heated in an to about 260° , and hke yellow 
phosphorus, previously discussed, it bums, formmg phosphorus pent- 
oyde Red phosphorus bums if heated m an atmosphere of chl^o 
whereas ordmaiy phosphorus fires spontaneously in the gas At ordmarv 

phosphoms 

sulphides, with the halogens, formmg tn- or penta-hahdos , TOth hot 
hydromde, formmg gaseous phosphoras hydrides 
^noentratod nitnc acid is reduced with almost explosive violence, while 

to 

developed by the combustion of red nhos- 
ihoms 18 not constant, it is possible that ordmary red phosphoras^is a 
solution of colourless in rhombohedral nhosnhorus nr ^ ^ 

colloidal and “ metafile » phospho^ SffiSnee m J n 1 

red and yellow phosphoms in^not ioiT t m S 

moo^tao and Aomto riphur, d, „ay dae^to a^r^’a, 

tute or a Bolid BolJtaoSf ® anwomorphous mxx 

Py,„ow A Smite and H L 

taUic phoBphoruB to be three solids which can form 3^^? Sn ' ZttZ 
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arrangement of identical molecules, or to a difference in the molecular 
Aveight, that is, to the number of atoms per molecule Equal weights of 
red and yellow phosphorus when burnt separately in an excess of oxj'gon, 
give equal weights of phosphorus pentoxide, P2O5 

Phosphides — ^Phosphorus unites directly with many metals, forming 
phosphides Metallic phosphides are precipitated by the action of phos 
phorus on solutions of some metallic salts. Thus silver phosphide, AgjP, 
18 precipitated from solutions of silver mtrato , and copper phosphide, 
CU3P2, from solutions of copjier sulphate Tin forms several phosphides 
when heated with phosphorus. For instance, tin phosphide, SngP, is a 
coarsely orystallme moss mcltmg at about 170° Tin phosphide is also 
called “ phosphor tm,” and it is used in the preparation of manganese 
bronzes — “ pho^hor bronze,” for example, is made bj fusing together 
copper and phosphor tm The resulting alloy contains from 6 to 16 per 
cent of tm, and 0 25 to 1 6 per cent of phosphorus This alloy is hard 
and firm It is remarkably homogeneous, and is specially valuable for 
the manufacture of axle bcanngs, etc Calcium phosphide is formed 
when metalhc calcium is heated under naphtha with phosphorus, or by 
passing the vapours of phosphorus o\er red hot lime heated in an iron tube 
The red, brown, or black mass obtained in the last-named reaction is mixed 
ivith some calcium pyrophosphate, CsoPjO, 

Properties of red and ydlow phosphorus —The following table gives 
a summary of the leading differences in the two varieties of phosphorus 


TAsnE XLI — CouFARtsoK or the Pbopertics of Red and "iEttow 

RfrOSFHORUS 


Properti 

Red phosphorus 

Yellow phosphorus 

Colour 

CiystaUine form 

Smell, etc. 

Expo^ to air 

MeUinc point 

Physiological action 

Specifio gravitj 

Specific hoat 

Action oarboD clisulplude 
Ignition temperature 
Eieotrio ourront , 

Hot sodium hydroxide 
Olilonno gas 

Heat of combustion (Cnls ) 

Reddish violet 
Rhombohcdral evetem 
Tasteless, odourless 

Ko phosphorescence 
no oxidation 

600“ to 600“ 

Kon poisonous 

2 06 to 2 30 

0 170 

Insoluble 

200 “ 

Feeble conductor 

Nil 

Fires if heated 

363 4 

Almost colourless 

Cubic system 

Garbo hko smolR 
Phosphorescence and 
oxidation 

44“ 

Poisonous 

1 83 to 1 86 

0 180 

Soluble 

30“ 

Very feeble conductor 
Action 

Fires sixintancously 

370 8 


P W Bridgman’s study of the effect of high pressures on phosphonis 
furnished him with an hexagonal vanety of yellow phosphorus which 
passes into the ordmary cubic form at tlie transition point —76 9° , and 
a vanety of black phosphorus formed at 200° under pressures from 12 000 
to 13,000 kilograms per sq cm ’ 

molecular weight —The atomic weight of phosphorus 
^th reference to oxygen 16, hes somewhere betunen 30 91 and 31 05 
the best reprosentatn e value is taken to be 31 This has been determined 
by the anal^ of silver phosphate , by the action of phosphorus on silver 
mtrate , and by the titration of phosphorus tnohlonde on silver mtratc 

Vapour density determmations of volatile phosphorus compounds PTT. , 

POI 3 , PF 5 , etc — show that thirty one is thd smallest amount of phos- 

* Whoa oiaduung 


PHOSPHORUS 


583 


phorus which enters into the composition of any one of these molecules, 
and hence the atomic weight is 31 

The vapour of phosphorus, accordmg to E Mitsoherhch, has a specific 
gravity of 4 68 at 616°, and 4 6 at 1040° Hence the molecular weight 
of phosphorus is 4 5 X 28 9 = 124 nearly This corresponds with a mole- 
cule P 4 Above 700°, the vapour density falls to a number correspondmg 
with a dissociation of the comples molecule p 4 ^ 2 P 2 The depression 
of the freezmg pomt of solutions of phosphorus m carbon disulphide also 
corresponds with four-atom molecule In some other solvents numbers 
correspondmg with Pj, P 4 , or with mixtures of P 4 and Pg are obtamed 

§ 3 Pho^honis Tnhahdes 

Phosphorus trichloride, PCI3 — This compound is made by passing 
chlonne, dried by sulphuric acid, over molten white phosphorus m the 
followmg manner 


■o sand IS placed at the bottom of a retort, fitted up as illustrated in 

jjg 'Without the Huusen’s burner and a current of dry carbon dio'^de^ or 
anotherinert gas, is introduced Add, say, 100 grams of yellow phosphorus—dried 
between mtw paper, and dipped successivelv m alcohol and m ether — then pass a 
cvmnt chlonne through the apparatus while the retort is heated witii wrm 
water The tube delivenng the chlonne should be movable, for if it is too near the 
pno^borus the phosphorus gets hot and distils, forming a red crustm the upper part 
of the retort . while if it be too fat away, the action is slow, and the excess of 
phosphorus forms phospho^ pentachlonde by a side reaction When the 

of flame projects £rom the tube delivenng the chlonne 
^ then need heatmg Towards the end, when the phosphorus 
the retort very gently so as to dnvo the tnchlorido 
into the receiver The fumes from the exit tube must be led mto a sSk closet 
* vesMi oontammg sodium hydroxide The product can he purified bv 
addmg, say, 2 grams of yellow phosphorus and redi^ilhng The object of the 
ScSy^xdlirer'^ pontacfionde mto the tochlU M^Se^LS 


It ImS? 7 ?° liquid with an unpleasant smell 

S.™ Jt ’,1 hydrolyzed by water forming phos- 

beWntoasolid,meltmgabout_fl 6 ° Ihe compositn S^pt^ 

tnoMonde, and also of the other hahdes of phosphorus, can be determined 
pa, ite vapour’denaty, •aoord.igto'jTDL'S''. W-IT 

to cor^apondmg ae moleada la, (aeoroj 

Violence of the reaction The solvent « n-Pf ^ moderate the 

46” ae tnbroSdo“°i^S!“t1Sr?74tS*^V‘'‘’'™‘ 
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reddish oiystallme sohd which molls at 41®, and dissociates when heated 
If 82 grams of iodine bo omplojcd per 10 grams of phosphorus, a com- 
pound with the ompincal formula P2I4 — called phosphorus di-iodide 
— remains in the form of orange red crystals, which molt at 110“ 

Phosphorus tnfluonde, PFj — ^Phosphorus tnQuondo is made by the 
action of copper phosphide on lend fluondo , or by allowing arsenic fluoride, 
AsEj, to drop slowly into PCI3 ivitli the exclusion of moisture It is a 
colourless gas iihich can bn condensed to a liquid, boiling at — 9o“, and 
frozen to a solid, melting at — 100“ If a stream of electric sparks bo passed 
through the gas, phosphorus and phosphorus pentafluorido arc formed 
6PF, = "IPFj + 2P , and the ]iciitaflnondo, in turn, is said to sufler 
slight decomposition PFj = PF3 + Fo 

§ 4 Phosphorus Pcntahalides 

Phosphorus pentachlonde, PCl^ — ^Phosphorus pontaclilorido is made 
by the action of an excess of olilorino upon phosphorus, or by the action 
of dry chlorine upon the triohlorido Since phosphorus pciitachloride is 
n vary unpleasant substance to manipulate in air, ouing to the fact that 
it rapidly absorbs moisture, forming hydrochloric and phosphoric acids 
PCI5 -1- 4H,0 = 6HC1 + H^PO^, it IS best to make the compound m the 
bottle in ahicli it is to bo preserved Fit the bottle 
mth a three hole stopper. Fig 216— one hole is for 
the tube bnnging in dry clilonno, one for the exit 
of the clilonno, and the third for a tap funnel by 
moans of which phosphonis trichloride can bo run into 
the chlorine drop by drop 

The vapour pressure of solid phosphonis ponta- 
chlorido at 140“ is 760 mm , and it therefore vaponzes 
mthout fusion Phosphorus pentachlonde also sub 
limes bolon 100“ without fusion, but when heated 
under pressure it melts at about 148“ Both phos 
phorus tnchlondo and phosphorus pentachlonde are 
valuable reagents for transforming liydroxyl com- 
pounds into the oorrcsponding chlondcs EachjQH 
group IS displaced by an atom of the halogen For 
example water, H — OH, gives hydrogen chlondc, H — Cl, mtrio acid, 
N02-^H, gives mtrojgrl ohlonde NOj — Cl , sulphuno aoid, SO.(OH)., 
gives sulphuryl ohlonde, SOsClj , alcohol, C.H5OH, gi\cs ethyl cUondc, 
CgHgCl, etc 

Phosphorus pentabromide, PBr,. — ^Tliis compound is prepared by a 
similar process to that used for the pentachlonde — ^tho addition of bromine 
to phosphorus tnbromido — and its properties ore similar Phosphorus 
pentiodide— PI5 — ^lias boon reported, but there is some doubt os to its 
loal existence 

The vapour density of phosphorus pentachlonde and pentabromidt, 
— ^The vapour densities of these two compounds diminish •aitli nso of tern 
perature Thus J B Dumas found for the pentoolilondo 
Temperaturo 1S2® 200® 260® 300® 

Vapour denaiti 146 6 140 0 116 2 104 8 

Amount dissociated 41 7 48 6 80 0 07 3 per cent. 

Theory for PCls = 208 6 
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Tho vapoTir density remams practically constant at temperatures 
exceeding 300° The colour of the vapour becomes yello-m^-green at 
the higher temperatures, showmg that free chlorme is probably preset j 
and m the case of the pentabronude, the characteristic colour of free 
bromme appears. There is little room for doubt that phosphorus penta- 
ohlonde dissociates into free chlorme (Qj, vapour density 71) and phos- 
phorus trichloride (PCI 3 , vapour density 137 6 ) Paper moistyned witti 
potassium iodide and starch shows the blue coloration characteristic of 
free chlorme when the pentaohlonde is heated to 167° to 168 Assummg 
that dissociation is complete at 300°, the vapour density should be 
^(137 5 + 71) = 104 3 (BU == 2 ), a number very close to the observed 
value The discussion in connection with the dissociation of mtrogen 
peroxide shows how the amount of dissociation can be detemuned from 
the vapour density at the different temperatures 

According to the prmciples developed m connection with the dissocia- 
tion of iodine, the dissociation of the pentachlonde will be rejiresented 
by the equation PCI 5 1*013 CU If Opcjs Opci 3 , and C?cio 
re^ectively denote the concentrations of phosphorus pentachlonde, 
phosphorus tnchlonde, and of chlonne, we have, for eqnihbnum lOpcto 
= Jl'UpciaCcio Suppose that one gram of phosphorus pentachlonde 
be heated in a closed vessel of volume 1 ? Let x represent the fraction 
diasociated at any given temperature, there will obviously be Cpos* or 
( 1 — *)/« gram-molecules of the pentachlonde jier unit volume , 0^^^, or 
xjv gram molecules of the tnchlonde , and Can, or x/v gram-molecules 
of cMonne Hence for equibbnum, the preceding equation becomes 



or. 



(I-— x)v 


Suppose that at 260° 0 80 gram-molecules of the substance are dis- 
sociated, then s = 08, and 1 — x = 02 Hence £ = 0 64 — 02.* 
= 3 2 — V One gram-molecule of a gas at 760 mm and 0° occupies 22 3 
htres, and at 250° it wdl occupy 42 7 htres But on dissociation, one 
gram-molecule of phosphorus pentachlonde becomes two gram-molecules 
of mixed chlorme and phosphorus tnchlonde Hence if 0 8 gram-mole- 
cule of the pentachlonde is dissociated, the mixed gas oontams 14-08 
= 18 gram-molecule, so that if one gram-molecule occupies 42 7 litres, 

1 8 gram-molecule will occupy 42 7 x 1 8 = 76*9 htres Hence £ = 32 
/6 9 = ^ , or A. i = 1 24 This means that the phosphorus 
trichloride and cUonne will umte twenty-four tunes as fast as the penta- 
chlonde will dissociate supposmg that each substance has umt concen- 
tration, and each action proceeds without reversion, p 268 

If the concentration of the phosphorus tnchlonde or of chlorme be 
augmented, it xs obvious that m order to restore equihbnum, the speed 
of combmation of the chlonne and tnchlonde must be augmented This 

m reactions. 

(2) from the kmetio theory of dissociation, and (3) expenmentaUv bv 

seahng e^al amounts of phosphorus pentabronude m two stout test 

Vsfcn’ phosphorus tebiuim^ 

AVhen tee two tubes are heated under the same conditions the contents 
of the tube without the tnbromido will have a deener tint tVin-n +«i, 

tebrc^a. H. W„rtz. mdeearm 
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pentaohlonde bo volatibzed in an atmosphere of the tnohlorido the vapour 
density is nearly normal, 206 6, between 160° and 176° The raising of the 
boiling pomts of solutions of phosphorus pentaohlonde in carbon tetra 
ohlonde correspond with the formula, PCIb The lowenng of the freezing 
pomts of solutions of the pentaohlonde m benzene correspond with the 
molecular weight PCl^ 

Phosphorus pentailuonde, PFg — ^This compound is made by the action 
of arsemo tnfluonde on phosphorus pentaohlonde 6ABP3 3PClj 
= 6ASCI3 + 3PP5 It IS a colourless gas which ^is hydrolyzed by water, 
formmg phosphoric and hydrofluonc acids It can be condensed to a 
hqmd, boihng at —76°, and frozen to a sohd, meltmg at —83° Its vapour 
density is 126 (H = 2), and its formula is therefore PFg (vapour density, 
126), where phosphorus is undoubtedly qmnquevalent 

To summarize, the following well defined hahdes of phosphorus have 
been prepared 

P.l 4 ( 80 lld) 

PF, (gas) PCli (liqtud) PBrj (liquid) PIj (solid) 

PFj (gas) PCBj (sohd) PBr, (sohd) 

Some mixed halide salts — ^PFjClji FF3Br2, PClaBrj, etc — have also 
been isolated 

Phosphoryl chlonde, phosphorus oxychlonde, POCI3 — ^This com 
pound can bo made by very carefully adding water to phosphorus penta- 
ohlonde until the solid disappears PCI5 + HjO = POOI3 + 2 HC 3 - It is 
also made by gradually addmg, say, 32 grams of powdered potassium 
chlorate to 100 grams of phosphorus trichloride at or^ary temperatures, 
and then distillmg the mixture The oxj'ohlonde boils at 107 2° It 
can be sohdified to a colourless orystalhne mass melting at —1 26° It 
fumes in air, smeUs hke the tnohlonde, and is slowly hydrolyzed by 
water, formmg phosphono and hydroohlono acids The oorrespondmg 
phosphoryl bromide, FOBr3, is made in a similar manner, and boils 
at 190° Phosphoryl fluonde, POF3, as well as the other phosphoryl 
compounds can be made by the action of phosphorus pentoxide, PjOj, 
on the halogen acid 4 P,Og + 6HF = 2POF3 6HPO3 

If phosphorus tnchlonde, PCI3, be oxidized at a low temperature by treat- 
ment with mtrogen peroxide, N2O4, among other products, pyrophosphoiyl 
chlonde, is obtamed as a colourless fummg hquid which boils 

at 210°-216° with partial decomposition mto PjOg and POCI3 This 
mode of preparation is mterestmg because it shows that two of the oxygen 
atoms in phosphorus pentoxide probably behave differently from the other 
three Some take this to mean that of the two formulce for pho^homs 
pentoxide 



the former is to bo preferred, and that the graphic formula for the oxy- 
chloride IS 0=P=(33 

Two isomenc oxychlondes of phosphorus can be predicted, m one, 
C33=P— 001, the phosphorus is tervalent, and m the other, 0=P=Cl3, 
qmnquevalent , but only one is known On the other hand, two different 
substances, PO(C0H5)3 known. One (phenoxy-diphenyl phosphme) is 
a thick oily hqmd, boihng at 266° (62 mm ) , m this the phosphorus is 
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tervalent and the compound reacts -with oxygen, bromine, selemum, and 
solphur, and forms additive compounds with alkyl habdes The other 
(tnphenyl phosphme oxide) is sohd, meltmg at 163 6° , m this the phos- 
phorus IS qumquevalent, and it does not react with the substances just 
named Li both the vapour deiwity corresponds with the empincal 
formula P 0 ( 06 B[ 5)3 



§ 5 Phosphorus Hydrides, or Hydrogen Phosphides 

Phosphine, PH^ — When phosphorus is heated with caustic allcahne 
solutions — ^for instance, milk of lime or a solution of potassium hydroxide 
— ^a gas IS evolved which igmtes spontaneously m air The expenment 
IS made by means of the apparatus illustrated m Pig 217 A mixture of 
potassium hydroxide solution 
and yellow phosphorus is placed 
m the flask fitted with dehvety 
tube, etc , as illustrated m the 
diagram A current of an mert 
gas — coal gas, hydrogen, or 
carbon dioxide — ^is first led 
through the apparatus to dnve 
out the air The mixture m 
the flask is then heated. The 
phosphorus reacts with the 
alkah, forming potassium hypo 
phosphite, and gaseous phos- 
phme, PHg, associated with 
some impunties The mixture 
of gases so prepared is some -—The Preparation of Phosphine 

“P^ 08 pli"«*ted hydrogen” The mam reaction is repro- 

+ ^^3 Each bubble ot\L 
nses to the surface of the water, and, when it comes in contact with the 

e^losion and bums with a bnlhant flash of 
il^’ a -rortex rmg of phosphorus pentoxide, P„0- If tlie eas 

biassed through a tube immersed in a freezing mixtme® it no loncer 
i^ames on contact ivith the air Indeed, pure phosphine does not 
inflame spontaneously m am This property appears to be duo to tlie 
presence of a httle of the so called hquid hydrogen phosphide P TT 
^ .? removed ^ 

«.H tabe, th, gM do .8 not igmto whon btonght m oonbwt^ftL 

doonymISXetf °bti” T"" 

phosphme he suddenly rarefied, m exnl^nn oxygon and 

reoaUs the effect of rarefaction on the taosit^^SosSn 

ga^ Nitnc acid or cMonne when hroSm ronteet 

inflammation A jot of phosphme mflaris 

pentachlonde when placed in chlorme gas PH^ In 

Phosphine is shghtly soluble in water^ inn — SHQ -f- PQ^ 

about U volumes of the gas The aaueolTRS?!*““ dissolve 

nquoono doo„„p„,„ j ^s::‘'s"b“grn^;,ss 
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red phosphorus Tho-gas ..possesses reduomg_proportjes '\^^lOl^ passed 
into solutions of copper sulphate, CuSO^, mercmio chloride, HgCI_„ 
phosphine precipitates phosphides of the metals It combines ivith 
ammoma, and some of the ohlondes, for mstanoe, alummium chlondo, 
stanmc cUonde, etc 

The composition jof phosphine — J B Dumas determmcd the com 
position of phosphine by passing a known volume of the gas over heated 
copper tummgs — zmc, antimony, iron, and potassium have been used in 
place of copper The copper forms copper phosphide The mcroase m 
u eight of the copper shows the amount of phosphorus in a given volume 
of the gas The eseapmg hydrogen is collected and measured. Experi- 
ment shows that 34 parts of phosphmo by weight give 31 parts of phos- 
phorus and 3 parts of hydrogen The ompmcal formula is therefore 
Similarly, when phosphuio is decomposed by the passage of electric sparla 
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through the gas (Eig 166), one volume of phosphme gives 1-J volumes of 
hydrogen, and red phosphorus, of neghgibly small volume m comparison 
with the volume of the gas, is deposited on the walls of the tube Hence 
two volumes of phosphme furnish three volumes of hydrogen , otherwise 
expressed, by Avogadro’s hypothesis, two molecules of phosphmo give 
three molecules of hydrogen 

2 PH 3 = 3B^ -1- 2P 
2 vola 3 V 06 Solid 

One htre of phosphine weighs 1 62 gram under normal conditions 
Hence if one litre of osygea weighs 1 429 gram, the vapour density with 
reference to oxygon 32 is 33 9, oorrespondmg with the formula PH 3 
Phosphonium compounds — ^When phosphine is brou^t m contact 
with hydrogen chloride, hydrogen bromide, or hydrogen iodide, the gases 
nmte, formmg a senes of so called phosphomum compounds PH^ 4- HCl 
~ The chief interest of the phosphonium compounds lies m their 

relationship to the ammomum compoimds which are formed in a similar 
manner NHj + HCl = NH^Cl The monad radicle, PH^, phosphomum, 
boars the same relation to phosphorus that NH^, ammomum, bears to 
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nitrogen The basic properties of phosphine am very much feebler than 
ammonia Phbsphonium iodide is one of the best known phosphomum 
compounds It is prepared m the followmg manner 

Place 100 grams of phosphorus in aretort. A, and add an equal weight of carbon 
disulphide, and then 170 grains of pure iodine Keep the retort well cooled 
dunng the mixing Distil off the earoon disulphide by attacbmg a Liehig s con 
denser to the retort, and placmg the retort m a dish of warm water The retort 
is then connected with a wide tube, S, which may be fitted with a glass bottle, i?, 
as shown m Pig 218, and then, m the fume closet, with a wash-bottle contammg 
water to absorb any hydrogen iodide formed by the decomposition of the phospho- 
mum iodide Connect the retort with a Kip^s apparatus, G, for generating carbon 
dioxide, dried by passage through a tube, 1>, charged with pumice stone soaked 
with sulphuric acid, and keep a dow stream of carbon dioxide passmg through the 
apparatus all the time an experiment is m progress Let 86 grams of water fall 
slowly, drop by drop, on to the residue m the retort The heat of the reaction suffices 
to sublime the phosphomum iodide mto the wide tube, but towards the end of 
the operation, the retort may be warmed When the operation is completed, 
loosen the phosphomum iodide which has cbllected in the wide tube by means of 
a piece of wire, and transfer the salt to the bottle used as a receiver The bottle 
IS then closed with its stopper, S The reaction is represented 51 -1- OF + 
16HsO = 6 PHiI + 4HsPOi 


Phosphomum iodide ciystalhzes m large quadratic prisms tvith a 
bnlhant lustre It is an unstable salt readily dissociatmg into hydrogen 
iodide and phosphine, even at as low a temperature as 30° The crystals 
can be sublimed without meltmg They fume m air, and m contact with 
water form h,ydrogen phosphide and hydrogen iodide With potassium 
hydroxide, pure jphosphme is obtamed PHJ + KOH = KI + HjO 
-fPHa, and WFalc^ol CgHgOH, a similar reaction takes place PH.I 
+ C 2 H 5 OH = CjHgl + PEoO + 1*3^ Phosphomum iodide is used as a 
redaci5SgJ5g^*> in the preparation of orgamo phosphines Phos- 
phonium chibnde is dissociatkl at ordmary temperatures, but it can cast 
at 14° or under if imder a pressure of 20 atmospheres It must therefore 
be preserved m sealed tubes, and prepared by the combination of phosphine 
with hydrogen chlonde under pressure Similar remarks apnlv to nhos- 
phomum bromide, PH 4 Br 1 j p 

Liquid hydrogen phosphide, —When calcium phosphide Ca P 
IS treated path water, and the gas evolved passed through a spiral tube 
m order to condense the water, and - ^ 

then through a U-tube immersed 
in a freezmg mixture (pounded ice 
and salt), a colourless hquid is 
obtamed which is spontaneously 
inflammable when exposed to the 
air The uncondensed gases which 
pass on are led mto a trough of 
water m the fume closet, each 
bubble of gas as it comes m 
contact with the air may bum 

mth a bnght flash of hght charactenstio of crude phosphme This is due 
to the escape of some of the “ hquid ” phosphide The apparatS fS the 
experiment is shown m Fig 219 The calpiiim j , 

through a mde tube mto thoVoulffB botflii ooSmSSff 

bo.U.t67"to6S"(736ua.) Tho emp.S?c™S 

douaity » 76 6 (thooT for P* „ 66) The moIeoulM.Sula“aIIS™ 
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PgH^, and if phosphorus bo ten'alcnt, the graphic formula is probably 
:^=P— P=B^, analogous mth hydrazine NjH^ 

“ Solid hydrogen phosphide, PjnHj — ^Whon hquid hydrogen phosphide 
is exposed to hght, or heated above its boding pomt, it decomposes mto 
' gaseous phosphine, PH,, and a solid phosphorus hydride ivrth the empirical 
^ formula PjH, thus 5PaH4=2PoH+0PB^ This solid is insoluble m -vrator 
^ The same reaction takes place in the presence of hydroohlone or hydnodio 
* acid Avhioh acts as catalji^io agents The depression of the freezing point 
t of a solution of the solid hydnde in molten phosphorus oorrcsponds with 
j a molecular weight PjoHj WTion heated to 70° in a stream of carbon 
{dioxide, it decomposes into phosphorus and hydrogen It takes fire 
\ when heated in air to 160°, and when heated *» vacuo it evolves phos 
phine, forming a red substance also said to bo a sohd phosphorus hydnde 
wth the empirical formula PgHo Prolonged hcatmg is said to convert 
this hydnde into red phosphorus There is some doubt about the real 
oxistenco of the latter compound. It may bo a sohd solution of red 
phosphorus with one of the other hydndcs, or mth hydrogen 

*' § 6. Phosphorus Sulphides 

Several compounds of sulphur and phosphorus have been reported 
They are all made by the direct combmation of the two elements. The 
reaction between yellow phosphorus and sulphur is very violent, and red 
phosphorus is therefore used The sulphur also sliould bo coarsely granu 
latod m order to keep down the velocity of the reaction Tho mixture of 
sulphur and phosphorus is placed in a flask with a cork placed loosely m 
the nock Iho mixture is heated on a sand bath until the reaction starts , 
the flame is then removed This method of preparation is called Kokul4’s 
process of propanng phosphorus sulphides By takmg tho nght propor- 
tions of sulphur and phosphorus, tho compounds P4S,, F4S-, and FnSg can 
be made m this manner So\oral other sulphides ha\o been roportra, but 
some are m all probability mixtures. 

Phosphorus pentasulphide, PjSg — Tho crude sulphide mode by 
Kekul4’s process is distilled in a current of carbon dioxide A jiale yellow 
crystalline mass is obtamed which melts at 274° to 270°, and boils at 630° 
The vapour density 7 67 (air = 1) corresponds mth 7 67 X 28 9 = 221 7 
(oxygen=32) The theoretical value for P4S10 is 224 (02 = 32) This 
sulp^de IB hydrolyzed by water .yP-Sg + SHgO = 2PO(OH)3 + 6H^ Itis 
used for replacing the oxygen in many hydroxyl compounds bj’- sulphur 
Thus with water, as we ha^e just seen, H — OH forms H — SH , and with 
alcohol, CjHgOH it forms ethjl mercaptan, CoHgSH With phosphorus 
pentaohlonde, PCI5, it forms tluophosphoryl chloride, P&CI3, a colourless 
hqmd boding at 125° This is the sulphur analogue of phosphoiyl ohloridc 

Phosphorus sesquisulphide, tetraphosphorus tnsulphide, P4«S3. — 
Tho crude sulphide prepared by Kekul6 s process is a grey orjstalhno mass 
uhieh can be punfi^ by crystaUization from solution m carbon disulphide 
or phosphorus tnchlondc, PCI3, in tho form of rhombic prisms , or the 
crude product can bo purified by distillation i« tacuo Tlio vapour density 
of tho sulphide corresponds with P4S3 It dissolves m alkaline sulphides, 
and IS dowly attack^ by water At 100° it inflames m air It molts 
at 172 6° to a rcddidi hqmd which bods at 407° or 408° 
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§ 7 Matches 

Common faction matches —These are made by catting softirwd into 
the leqmred shape by machinery One end of the stnp is dipped into some 
mflammable substance— paraffin or sulphur, and then mto a paste i^de 
from ^yellow phosph orus, mansan^e dipxide,^lue^nd colounng,nia^r/ 
The manganSemosHe may Be replaced by other oadizing 
potassium chlorate, mtre, etc The matches are then dned The glue 
protects the phosphorus from oxidation, but by rubbmg the head of the 
match on a rough surface, sufficient heat is generated to igmte the phos- 
phorus m contact with the oxidizing agent The bummg phosphorus igrates 
the sulphur or paraffin, and this m turn fires the wood Cotton threads 
dipped m paraffin are used m place of wood to form the so called vxix lestas 

Safety matches — In spite of the greatest care, the phosphorus disease 
prevails m match factones usmg yellow phosphorus The substitution 
of red-for yellow phosphorus is far less dangerous to the health of the 
worker The head of the match is then made from a coloured mixture 
of ^timony. Other oxidizmg 

agems are u^d — ledlead, potassium bichromate, etc The surface on 
which the match is to be rubbed for igmtion is covered with a mixture of 
re d nho sphorus, powdered_glass, and glue These matches — called safety 
itches — ^have the disadvantage tkat they can only be ignited by friction 
on a prepared surface or if quicHy rubbed on a smooth non-condnctmg 
surface hke glass or date , but they are not liable to igrate by accidental 
faction 

Safety faction matches — Matches can be made which stoke on any 
surface by usmg Schenk’s scarlet phosphorus, or phQgphQJcga^Bfisgmgjtz. 
phide — E4S3 — m place of ordmary phosphorus These matches are not so 
liable to accidental igmtion as oidmary friction matches, and they are 
made without nsk of phosphorus poisomng 


Questions 

1 It 13 found that in 11 16 litres (calculated at 0® C and 760 nun ) of anv 
gaseous compound of phosphorus, there is never less than 16 5 grams of phos- 
phorus present Also that this volume of the 1 apour of phosphorus itself, under 
tho same conditions, weighs 62 grams State what condusions mav be drawn 
from tho above data, with reference to tho atomic and molecular weight of phos 
phorns — GamJmdge Senior Locale 

2 IVhat volume changes occur where ( 1 ) sulphur is heated m lutrous oxide , 
( 11 ) Phosphorus is heated in mine oxide , (lu) Sodium is heated in gaseous hj drogen 
chloride , (iv) Potassium is heated in gaseous ammoma ? Give equations 11 bat 
inferences can be drawn from the observed facts as to the formnlie of the bodies 
formed and destroyed t — Owens CoU 

3 Describe and explam the changes which take place when (a) sulphur (61 
phosphorus, (c) lodme (d) zme are severally boDed with concentrated potassram 
hydroxide solution — London Umv 

4 Desen^ how from n speemen of calcmm phosphate you would propose 
to make crystollme preparations of (o) calcium chlonde, (6) atmnommn mame^ 
phosph^ Give equations for the reactions mvohed —London Unit 

5 llTiat are the form^a and imme of the Salt having the following percentage 
composition? Calcium. 38 i2 . ph^horns, 20-0 , oxygen, 41 28 — gTaotLi Unw 

6 Define the term o«id Di the hght of vonr definition gi\e reasons 
for assignmg or refusi^the name “ acid ” to aqueous solutions of tlm foUo^^ 

til. pHTOTtlM of 



CHAPTER XXXI 


The Oxides and Acids op Phosphorus 
§ I Phosphorus Pentoxide 

When phosphorus is humt in an excess of air or oxygen, white clouds of 
phosphorus pentoxide condense as a volummous powder Small quantities 
of other oxides of phosphorus may be formed at the same time which 
impart a slight garho-like smell to the product Pure phosphorus pentoxide 
has no smelL The lower oxides of phosphorus present m commercial 
phosphorus pentoxide can be oxidized by re subhmmg the powder in a 
current of dry oxygen so that the mixture passes over warm platmized 
asbestos 

Phosphorus pentoxide sublimes very slowly at 60®, but at 260® the 
sublimation is rapid The vapour density at 1400®, by V Meyer’s process, 
corresponds with the molecular weight P^Oj^, but the simpler formula, 
PgOj, IS generally employed for the sake of convemence. Phosphorus 
pentoxide can be melted by heating it quickly There are said to bo 
three varieties crystallme, -amorphous, and vitreons.„ 

Phosphorus pentoxide is extremely hygroscopic, and it absorbs moisture 
from the air very qmokly, hence its use for diying gases. When thrown 
into water, oombmation occurs with a hissmg sound resembhng the quench* 
mg of red hot iron, and metaphosphono acid is formed PjOj -1- H3O = 
2ffi *03 When this solution is boiled with water, or when the phosphorus 
pentoxide is thrown into hot water, orthophosphono acid is formed 
PjOj -h 3H,0 = 2^ P04 The heat of solution of the crystallme modifi 
cation of phosphoru^^ntoxide is 41 Cals , of the amorphous powder, 
34 Cals , of the vitreous variety, M ISals , and the product of combustion 
oTphosphorus with oxygen has a^eat of solution of Cals The affimfy 
of phosphorus pentoxide for moisture is so great that it can withdraw the 
element of water from many organic and moigamc substances, e,g it 
conv^ie mtne acid mto nitrogen pentoxide, etc It resemble mtrogen 
Ipentoxide m constitution 02=P — 0 — ^=0^, but this cannot apply to 
ftthe molecule P^Om The corresponding acid — ^P(OH) b — ^ is not known, 
> although the eqmvalent ohlonde, FClg, is known 

§ 2 Orthophosphono Aad and the Orthophosphates 

'i Orthophosphono aoid, H3PO4, is formed when phosphorus pentoxide 
IS dissolved m water, and the solution is boiled It is also formed when 
» ®5S of red nhosnhoms^is boiled with ^ 18 par ts o f m tnp acid, specific 
^ gravity 1 20,^ m a fiask fitted with a reflux condenser, and a ground glass 

1 A stronger acid mav cause an explosion, and with a weaker acid the action 
18 slow A trace of iodine will accelerate the action The nitnc acid should bo 
free from sulphuric acid 
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joint at the neck, as illustrated in Fig 220, so that the nitric acid which 
IS volatilized may bo returned to the flask T\Tien the phosphorus is all 
oxidized, the solution is evaporated to dryness, and the residue is finally 
heated in a platmum dish to a temperature not exceeding 180° to make 
sure all the mtnc acid is driven off Orthopho^honc acid is also made 
by the actio|ij)t.gulplan 3 C«a<^.djPli><bQrwjag^^ descnbed for the manu- , 
facture of phosphorus. ^ 

Properties of orthophosphonc acid — ^By concentration %n vacm, or 
by heatmg to 140°, the acid can be obtained m six-sidcd pnsmatie crystals 
belongmg to the rhombic system The acid melts at 42 3°, and dissolves 
readily m water It is tnbasic — H 3 PO 4 — and it forms three senes of 
salts — ^normal or tertiary, secondary, and pnmary according as all, two, 
or one of its hydrogen atoms are replaced by an eqmvalent radicle 


HOv iXaUv. NaO\ XaOv XaO. 

H0^P=0 HO^P=0 Na0-7P=0 NaO^P=0 NH.0-^P=0 

nn/ -crn/ K-r-nX -rrnX 


Pnmary 


NaO 


Secondary 
NaOv 


Tertiary 
XaOs 


Secondary 
XaO, 


HO^ HO-^ HO'^ NaO'^ HO' 

Orthophos Sodium diliydro- Disodmmhjdro* formal sodium Microcosnuo 
phone acid gen phosphate gen phosphate phosphate Balt 

ThejioEinaLBalt_is.alkahneJ:oJLitmu«.wthe^secondajy.salt,is 4 ieuti 3 d»Jind 

the,pninaty_salt is.acid^ The hydrogen atom may be replaced by different 
radicles Thus the secondary acid salt — ammomum 
sodium hydrogen phosphate, also called nucrocosmic 
salt — 13 illustrated by the graphic formula above 
The constitution of phosphoric acid — The 
structural formula for phosphonc acid will depend 
upon what view is adopted about the valency of 
phosphorus— tor- or qumquevalont 3 ji the former 
case, we have 




✓0 — OH 
:^OH 
^OH 


and 


/OH 

0=P^OH 

^OH 


in the latter 
bo either 


The oxychloride of phosphonis must 


/0-a 
^ci 


or 




'd Jr 

Phosphorus is undoubtedly qmnquevalent in the 220— Prepara- 

pentafluoride and also in the pentaohlonde Accord- 

mgly, the latter formula is usuaUy consideS Acd 

without ^rect proof, to be the more probable *and liAnn 

been employed m what precedes Phosphonc wid ’is fo^ii h 

th^ ^vith water,^rtWorI 

tne most probable structural formula -fm. ni..— 1 . is 

notation discussed under periodic acid. 

written P(0H), but this Sand Sif °"^^°P?°sphonc acid » should be 
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fthat compounds with the group 0=P= are more stable than compounds 
Rwith the group Cl2=P= Phosphorus pontachlonde, Clj^PCla, forinstanco, 
^ readdy dissociated by heat under conditions where 0=PCl3 is stable 
Sodium orthophosphates — The disodmm phosphate is the ordinary 
sodium phosphate used m the laboratory in testing for magnesium salts. 
It IS obtained in the form of monoolmic prisms ivith 12 molecules of 
water of crystallization— NajHPO^J^HoOTT-by adding sodium, carbonate 
to phospho ric aoid until the solution is just alkabno, and evaporating the 
solution until it deposits orystaK Tlio crystals effloresce in air, and molt 
ot 35° The salt becomes anhydrous uhen heated, and 100 grams of 
water at 0° dissolve 2 6 grams of the salt , 82 grams, at 60° , and 99, at 
100° If a mixed solution of sodium hydroxide and disodium phosphate 
bo evaporated until the hquid crystallizes on cooling, hexagonal or rhombic 
crystals of the normal sodium phosphate separate with 12 molecules 
of water of crystallization — ^NajPO^ I2H2O Several other hydrates of 

tins salt are known The aqueous solution of the normal phosphate is 
alkalme — ^probably owmg to the reaction HjO + Na^PO^^ Na^HPO^ + 
Na'OH. iu phosphono acid be added to the disodium phosphate until 
the liquid gives no precipitate with banum ohlondo, the solution when 
evaporated gives crystals of sodium dihydrogen phosphate — ^HoNaPO^ 
HjO The crystals are dimorphous , both forms belong to tlio rhombic 
system Aqueous solutions of tlus salt are acid If a mixture of, say, 
6 grams of ammomum chloride, and 36 grams of the disodium phosphate 
be dissolved m as little hot water ns possible, and the solutions bo mixed, 
crystals of sodium ammonium hydrogen phosphate, miorocosmic salt 
— HNaNH^PO^ 4H2O — will separate from the solution on coolmg 

Silver orthophosphate, AgjPO^ — ^By mixing solutions of sUvor 
^nitrate and sodium orthophosphate, a yellow precipitate of silver phosphate 
;is obtamed > The precipitate is soluble in nitric acid, and smeo nitric acid 
I'ls produced dunng the precipitation of silver phosphate 3A^03_J- 
|NajHP04 = A^jPO^ + 2NaNP3 + HNO3, the precipitation wiH bo 
{incomplete Silver phosphate also dissolves in aqueous ammoma. 

Calaum orthophosphates — Calcium phosphate is one of the most 
important salts _of phos^oruuuud Pure crystalhne tncalcium phosphate, 
Ca3(P04)2, has not yet been found in nature, or prepared m the laboratory 
The nearest approach to pure calcium phosphate is made by adding sodium 
phosphate to a solution of calcium chloride in the presence of ammoma. 
Calomed bones contam from 60 to 80 per cent of the normal phosphate 
Several more or less impure calcium phosphates occur m nature, see “ the 
occurrence of phosphorus ” The normal and the two acid phosphates 
are related to orthqphosphono aoid as mdioated m the followmg fonnulss 


,OH 

0=PfOH 

\OH 


Orthopliosphono 

acid, 

H,PO, 

Normal caloinm 


.0— H 

0=PfO— H 

0=P^O— H 
^0— H 


\0— H 


Ov 


0=P^O^^ 


■\ 


0-^\0>0a 


jUonocalciutn Diealcium Tncalcium or normal 

phosphato, phosphate, phosphate, 

Ca(H-POd- CoKPO* or CaiHj(PO<). Ca,(PO<)*, 
phosphate is very sparingly soluble m watdt 100 jiarts 
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of water dissolve about 0 003 part of the sobd. The presence of alkabes 
decreases the solubibty , wbilo the presence of neutral salts — ^bko sodium 
cblonde, sodium mtrate — ^and acids — ^liko carbon diosade — mcrease its 
Eolubdity m water The dissolution of normal calcium phosphate m watei 
— ^particulaily m boihng water — is really a kind of hydrolysis for a basicj 
salt, Ca(0H)2 «Ca3{P04)2, is precipitated, and an acid salt remains m 
solution Similar remarks apply to the action of water on the other 
calcium phosphates The phosphates of magnesium, iron, and alumimum 
resemble calcium phosphate m their behaviour towards water Calcmm 
phosphate is converted into soluble acid salts or into soluble phosphonc 
acid when treated with concentrated mtne, hydrochlonc, or sulphunc acid 
Vegetable life is mainly dejiendent upon the solubiliiy of calcium 
phosphate m the soil solution for the phosphorus reqiured for proper nutn- 
tion To insure a quick distnbution of the phosphate m soils, and a more 
concentrated solution of phosphonc acid m the water about the roots of 
plants for agncultural purposes, a more soluble phosphate than normal 
calcium phosphate is considered necessary To convert the normal salt 
mto a more soluble acid salt, normal calcium phosphate is treated mth 
sulphunc acid— usually chamber acid— m order to transform most of it 
mto the monocalaum phosphate 2H-SO4 — 

gCaSQi The acid phosphate becomes CaH4(P04) B^O, and the calcium 
sulphate, CaS04 2H20 This mixture contams a httle undecomposed 
normal phosphate The mixture is generally ealled superphosphate, and 
sometimes “ acid phosphate ” The superphosphate is used as a fertilizer 
On exposure to the am, moisture is absorbed, and the undecomposed normal 
phosphate reacts with the solvdle monocalcmm phosphate, formmg a 
sjmnnglj/ soluble dicalaum phosphate Ca3(P04)o + CaH.fPO.l^C) a- 
^0 = 5!ap04 2H2O The siperphosphSte ts“ Then Xd ^ 'Wo 
reverted or precipitated.” The chief sources of the phosphatio 
commercial importance are (1) phosphatio rook, (2) bones ' 
preparations , (3) guanos , (4) sewage, etc —c g the httoral of the I 



process oi manmactunng iron and steel Sometimes crystak of tetrr ’ 
calaum phosphate-Ca4P20g, that is, 4CaO P20,--are fouS m the skg 

§ 3 Pyrophosphonc and Metaphosphonc Acids 
phosphonc acid lose one molecule of water ^ molecules of ortho- 


HO 




0=P-0H 
hq/ 




OH 


OH HO, 

:HoO-i- O^-O-P^ 
HO'^ \0H 


__HO-I^O 

'UJi 

(^^5)41^2071 has a molecular weight corresDondmir wi, +1, * 4 . ^ 

when Its effect on the boilmg pmnt ofSimK 

<rS 

tmnrformed magn^Sni PSroph<4^'S’^Sl“J StS 
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above 2(NH i.)MgFO^ j= JIc»Ri. 0 ^.d::JI.() The pyrophosphates 

are fairly stable salts , they pass into the orthophosphates when boiled 
mth sulphunc acid Cnnondy enough, tetrabasio pyrophosphorio aoid only 
forms quatomaiy or normal pyrophosphates, say Na^PoO^, etc , and 
the secondary pyrophosphates, say NajHgPjO^, etc The primary and 
tertiary salts ore unknoivn Pyrophosphoiyl ohlonde, PjOjd^, corresponds 
iwth pyrophosphorio acid, P303(0H)4 

Magnesium ammomum phosphate, Mg(NHJPO^ OHjO — ^This salt 
I ^ IS obtained as a orystalhne precipitate when a solution of a soluble phos 
phate IS mixed with ammoma, ammomum ohlonde, and magnesium smp^te 
or chloride , and conversely, if ammom um p hosphate be added t o on ammo 
niocol solution'litlfiagnesium, the same'sSIt is precipitated . These reactions 
ai't &6c6rdingiy used for the 'determination of ^o^nonis, and of magnesium. 
^^^len the precipitated magnesium ammomum phosphate is filtered, washed, 
and oalomed, it is converted mto magnesium pyrophosphate — ^Mg^PgO; 
The weight of the pyrophosphate enables the amount of phosphorus or 
of magnesium to be compute 

Metaphosphonc acid, HPO3 — ^This acid is formed os a viscous solid 
nhen phosphorus pentoxido is loft erposed to moist air, and it is also 
obtained by heatmg ammomum orthophosphate, or pyro or oithophos 
phono acid to a rod heat 

0 

H 0^=0 ^ H3O+HO— P<Q 

tMetaphosphonc acid apparently bears the same relation to phosphorus 
Itfaat mtno acid bears to mtrogen 3 fetaphosphono acid is a transparent 
vitreous sohd, sometimes caUed “-glacial -phosphonc-acid ’’ It fuses 
at 0 °, and the commercial acid is usually cost m sticks It is readily 
soluble m nvater, and the solution slowly passes mto the ortho acid , the 
change proceeds rapidly on boilmg the solution Three polymers — 
HPO3, (HP03)2, and (HP03)3 — obtamed 

Vapour density dotermmations of the metaphosphonc acid prepared os 
indicated above, correspond with the formula H^P203, and m consequence, 
the acid may be a dimetophosphonc acid. 

Consonant 'with the prefixes adopted for the penodio acids, P(OH), should 
be called orthophosphorio acid , FO(OH)j mesophosphorio acid and PO«(OH) 
inotaphosphorio acid Pyrophosphorio aoid would then be dimesophosphono 
acid The reason this acid is callra “ pyro ” acid will be obinous from its mode 
of formation — Greek wvp (pyr), fire 

The metaphosphates —Sodium metaphosphate, NaPOs, is formed by 
igmting either dihydrogen sodium phosphate, or hydrogen sodium am- 
momum phosphate, or dihydrogen sodium pyrophosphate Metaphos 
phone acid is monobasic, and it forms a senes of salts which may be 
regarded as denvativos of the hypothetical polymenzed metaphosphonc 
acids. Por instance 


Aoms 

BLPOj Monometaphosnhono acid 
(HFOj)-, Dimetapnos^mono acid 
(HFOiii, Tnmetaphosphonc acid 
(HFOs),, Tetrametaphosphoric acid 
(HPOjij, Fentametaphospbono acid 

(HFOj)^, Hoxamotaphosphonc acid 


Salts 

NoFO], Sodium metaphosphate 
KsF-Oc Fotassium dimetaphosphote 
NajFsOg, Sodium tnmetaphospnate 
Fb.F,0]3, Lead tetramotaphosphato 
(NHilsPjOij, Ammonium pontameta 
phosphate 

NagFgOjt, Sodium heiametaphogpbat4 
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There 13 some reason to donbt if many of the polyphosphates are anything 
more than mixtures of pyro and mefca-phospbates , 

Distinguishjng.tests.for^the„j}hp?phon(?^aads.— Tlio three phos- 

phonc acids and their salts are distinguished hy the difference in their 
behaviour towards silver mtrate, banum mtrate, and albumen 


Table XLTI — Keaotions or the Phosphokio Acids 



Orthophosphonc 

acid 

1 Pyrophosphono 
acid 

1 

Metaphosphonc 

acid 

Sil\er nitrate 
Barium nitrate 

Albumen 

Zinc acetate | 

Canarj' yellow pp 
No pp (if alka- 
line, white pp } 
Nil 

Nil j 

White ervat pp 

No pp (if alkaline 
wJute pp) 

Nil 

Insoluble pp 

White gelatinous 
White precipitate 

Coagulated 

NiJ 


All the phospboTic acids give a canary yellow precipitate with a large . 
excess of a boiling solution of ammomnm molybdate in mtrjc acid The I 
precipitate is soluble m phosphono acid, and a large excess of the molybdate | 
solution IS needed or no precipitate may be formed. The same result is f 
obtained with all the acids of phosphorus smce the ratnc acid oxidizes I 
them to phosphoric acid Arseme oxyaoids give a similar precipitate I 

When phosphorus pentoxide is treated with 30 per cent hydrogen * 
peroxide, while cooled with ice- water, an acid — ^monoperphosphoric aad 
— ^resemblmg Caro’s acid — ^possibly H3PO5 — ^is obtained , with pyrophos- 
phonc acid, crystals with the empirical formula H^PjOg, diperphosphonc 
acid, or simply perphosphonc acid corresponding with per^phuric acid, 
are formed 

History of the phosphoric acids — It was once thought that phos-] 
phone acid existed m three isomenc forms (1) The ordmary acid wlnchi 
gave a yellow precipitate with silver mtrate (A S Marggraf, 1746) ,9 
(2) the product obtamed hy heatmg the ordinary acid which gave a white 4 
precipitate with silver mtrate (T Clark, 1827) , (3) the acid obtamed by a | 
thorough calomation of phosphonc acid and w^ch gave a white precipitate | 
with silver mtrate, and unlike the other two forms, coagulated a clear? 
aqueous solution of albumen (J J Beraehus, 1816) Thomas Graham, 1 
1833, proved that these three acids — which he called respectively ordmaiy, ^ 
pyro- and metaphosphonc acids— were different modifications of phos- ! 
phone acid , and that they differed from one another hy “ the quantitv ' 
of water combmed with the acid ” Graham also found that when the ! 
acids were saturated with a base, three senes of phosphates were obtained 1 
one senes contamed one equivalent of the base per equivalent of the acid’ 
a second senes contamed two equivalents of the base , and a third series 
contamed three eqmvalents of the base 


§ 4 Phosphorous Oxide or Phosphorus Tnowde and Phosphorous 

Acid 

pentoxide, is formed when ^osp^S « bli^it^?! of™ 
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Somo red phosplionis and possibly a lower o-^ide of phosphoniB aro formed 
at the same time For this experiment, the pliosplioms is placed in a 
glass tube, A, whieli is bent as shown in Fig 221, and iittod into one end 
of a long tube cooled by a jacket, B, containing water at 60° Tlio 
cooled tube is fitted to a U tube, G, immersed in a freezing mixtuie , a 
plug of glass wool IS placed in the condenser tube near the U-tubo The 
phosphorus is ignited, and a slow stream of air is drawn through 
the apparatus by moans of an aspirator conneeted to the U tube Tlio 
phosphorus pontoxido is arrested by the glass wool, and phosphorus oxide 
passes into the U tube, nhore it is condensed into a nhite crystalline mass. 
Tlio wash bottle, E, -with concentrated sulphuric acid protects the product 
from moisture At the end of the experiment, the solid in the U tube 
can bo melted and nin into the bottle D 

Properties — ^Phosphorous oxide so formed is a mass of monochnic 
pnsiiis, it melts at 22 6° to a waxy solid and boils at 173° ^Oio vapour 
density of the solid oorrosponds inth the moleoulo P^Ob, although the 
simpler formula, PjOj, is often used ) The lowering of the finezing points of 
solutions of phosphorous oxide in benzene correspond with a molecular 

weight of 227, 
and solutions 
in naplithaleno, 
with a mole 
oular weight 
218. The tlieo 
retioal value for 

P4OB 18 220 

Phosphorous 
oxide smells 
like garho and 
it IS poisonous. 

rio 221 — ^Tlio Preparation of Fhosphoras Tnoxido — Wlien exposed 

to the air it is 

gradually oxidized to the pontoxide, and when placed in warm 0x3 gen 
it bursts into flame It also ignites spontaneously in chloiine It ^slowly 
ttfe!£bo^y„cold^wTitor,,forming phosphorous Jicid, JlaPOg, and with hot 
w ator it forms red phosphorus, a lower oxide of phosphorus, andjohosphino 
Phosphorous acid, H3PO3 — ^This acid is formed by the action of 
cdld water upon phosphorous oxide P^Oc + CHjO = dH^PO- , by the 
action of water on phosphorus trichloride PCI3 + 3HoO = 3HC1 + 
passing a stream of chlorine through w ater beneath which 
phosphorus is molted The phosphorus tnohloride formed in the lattei 
reaction is at once decomposed by the water into phosphorous acid Tlio 
solution IS c^aporatod until the teinporaturo has reached 180°, when, on 
cooling, it solidifies to a or3'stalhno solid which molts at 70 1° Wlion 
heated, phosphorous acid decomposes into phosphine and ortho phosphoric 
acid Phosphorous aoidj3,a powerful reduouig agent. It reduces silver 
nitrate to motallio silver, gold clilondo to metallic gold, and copper 
sulphate to mclaUic copper It also absorbs oxygen, forming phosphoric 
acid Phosphorous acid is reduced by zinc and In drochlorio acid to 
phosphine H,PO, + 3Zn + 6Ha = SZnCla + 3H„0 ^ PH, The zme 
and hydrochlonc acid of course furnish nascent hjdfogon 
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the oxides and acids of phosphorus 

Constitution -Phosphorous aoid usually bohav«» as » 
but a sStH-sodium phosphite, 

acid has been reported Consequently, it is n p ^ Pf OH) or 

whether the foniula of phosphorous acid should be ^OH)3^r 

nPTTfOII^ sinco tlio ovidonco from difieijcnt sources is contradi ly 

a s^nmtol trib^K? phosphorous aeid, though the scarcity 
salts of the tnbasio acid, and the existence of the iMsymmetrical 
O PC-HrIOC-SbIo shoAv that two of the replaceable hydrogen atoms 
nrobS^dS^f/im the third. As m the of sulphurous and nitrous 
Lids, the facts are explamed by assuming the desmotropic change 


.OH 
P^OH 
\OH 


0 =PfOH 

\nTT 


As indicated previously, phosphorus may be both ter- and qmnquevalent, 
but it IS generally assumed that the properties of phosphoroiM c^c- 
spond "With qmnquevalent phosphorus, and that the formula is O PJl(UJl)^ 
The phosphites —The salts of phosphorous acid— the phosphites— aro 
soluble m ^vater, and have an acid reaction Solutions of phosphites give 
a precipitate -withji^ryta jind_rvith June water, they also precipitate 
nietals from salts of silver, gold, and morcupr 

PolyphosphorduS "acids -^A ’ humTier"’ of polyphosphorous acids — 
HjPoOj, HaPaO^, H^PgOu — or rather salts correspondmg -mth these acids, 
can be obtained by removing molecules of water from one or more mole- 
cules of the salts of phosphorous acid- These salts are analogous uatli the 
correspondmg salts of phosphoric acid Thus P2O3 3 HoO == 2H3PO3, 
or P(0H)3— orthophosphorous aad , PjOj + 2 Kp = H4P2O6— pjTophos- 
phorous and P203-)-H20=2HP02— metaphosphorous acid. The last-named 
acid 18 analogous with mtrous" acid, HNOg Pyrophosphorous aad, ^ 
HiPiOb, IS formed by the action of water on phosphorus tnohlonde, PCI3, / 
in the presence of hydrochloric acid 2PCI3 -1- SHijO = 6 HC 1 -f- H4P2O5 f 
The colourless orystalhno mass melts at 38 ° and forms the ortho acid u lion j 
treated with water Accordmg to PL 6 van de Stadt ( 1898 ), a metaphos- 
phorous acid, HPOo, correspondmg with one molecule of H3PO3 less one 
molecule of water, is formed m white feathery crystals when phosphmo 
slowly oxidizes under reduced pressure It is said to be converted mto 
phosphorous acid by the action of water vapour , and to melt at a higher 
temperature than phosphorous acid There is some doubt whether this is 
really metaphosphorous aoid. 


§ s Hypophosphorous Aad 

Preparation — Wlien phosphorus is boiled with a solution of banum 
hydroxide, banum hypophosphite, BaH^PoO., is formed 3 Ba( 0 HL 4 - 
8E-rt„6H39.,^=^P!^_-l- 3BaH4P204, When this solution is treated vnth 
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eulpliunc acid, banum sulphate is precipitated. The clear aqueous solu- 
tion 18 separated from the precipitate by filtration , and, when the solution 
IS ovaporated by gradually raising the temperature to 130°, it is sufficiently 
concentrated to deposit white crystals of the aoid when cooled to 0° 
Properties — The acid has the empirical formula HLjPOg The crystals 

molt at 26 4° The acid is reduced by zmo an^hydroolilono Mid to 
phosphine, Hypopbosphorous'aoid'is’’ a' feeble monobasic acid'uhich 
forms a senes of salts called hypophosphites, where HjFOj acts as a 
monad radicle Thus, sodium hypophosphite, NaHjPOg (p 687) , banum 
hypophosphite, Ba(!^POj) 2 , etc The acid and ito salts act as reducing 
[agents, thus, with copper sulphate, a red precipitate of copper hydnde, 
. CujHj, IS obtained This shows that the reduction progresses a step 
1 further than is the ease with phosphorous acid, and this reaction is one 
> of the ^isfinotive test s for hypophosphites. The acid and its salts also 
reduce salts of sdver, gold, etc , to metals The hj'pophosphites are 
oxidized to phosphates by oxidizmg agents 

Constitution — ^Assummg the qumquevalency of phosphorus, the rola 
tions between phosphono, phosphorous, and hypophosphorous acids arc 
well illustrated by the jgraphic formules 


/OH 

0=PvOH 

^OH 

Fliorahorio acid 
(Tribosic) 


0=I^OH 

^OH 


Phosphorous acid 
(Dibasic) 


0=PfH 

^OH 

Hypophosphorous acid 
(Monobasic) 


The last formula emphasizes the monobasicity of the hypophosphorous 
aoid, although it is probable that one of the hydrogen atoms is labile corre 
spending with the desmotropic change 


P^OH 


0=P^ H 


\ 


OH 


Dibasio moigamc hypophosphites are not knoivn The toiidoncy of 
phosphorus to pass mto the 0=P= form is illustrated by the action of 
heat on this aoid, and on its salts, for phosphono acid and phosphine are 
produced 2 H 3 PO 2 = OP(OH )3 -f" EH 3 Neither the anhydnde nor the 
ohlonde corresponding with hypophosphorous acid is known 


§ 6 Phosphorus Tetroxide Hypophosphonc Acid 

Phosphorus tetroxide, PnO ^ — ^When phosphorus tnoxide, P^Og, is 
heated in a sealed tube to about 440°, it decomposes into phosphorus 
tetroxide, PjOg, wluoh appears os a ciystallme sublimate m the sealed tube 
ffhe tetroxide reacts with water, forming a mixture of phosphono and phos- 
'phorouB acids P 2 O 4 + SHjO = H^PO, -f- H 3 PO 4 Phosphorus tetroxide 
IS therefore to be regarded as a mixed anhydride which bears the same 
relation to phosphonis that mtrogon tetroxide, N 2 O 4 , bears to mtrogen 
The latter, it ivill be remembered forms mtrous and mtrio acids with water 
Hypophosphonc acid, H 4 P 2 O 6 , or H^O,— When phosphorus is 
exposed to a limited supply of moist air, a nux^ solution of phosphono, 
phosphorous, and hypophosphonc acids is formed The solution is neutra 
hzed ivith sodium hydroxide, and a sparingly soluble sodium hypophosphate 
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separates out A Bolution of this salt when treated with load acetate 
gives an insoluble precipitate of lead hypophosphate, PbPOg This salt 
18 filtered from the solution, and washed with hot water The precipitate 
18 suspended in water, and a current of hydrogen sulphide passed through 
the solution lead sulphide, PbS, is precipitated, and a solution of free 
hypophosphonc acid is obtamed On evaporation, the excess of hydrogen 
sidphide IS dnven from the solution, but the evaporation cannot be earned 
very far without decomposmg the acid Hence, the solution must be 
furteer evaporated m a desiccator in taevo over sulphuno acid, Eig 79 
In tune, tabular, rhombic crystals of* the hydrate l^POg HgO separate 
The crystals melt at 62° Purther desiooation of the crystals over sul- 
phuno acid tn vacuo gives the anhydrous acid, HjPOg, meltmg at 70® 
The acid is stable at ordmary temperatures, and is hydrolyzed by tho 
mmeral acids, forming a mixture of phosphonc and phosphorous acids 
The acid is dibasic, and the aqueous solution, unhke phosphorous acid, 
does not possess reduemg qualities 

Relation between hypophosphonc acid and phosphorus tetroxide 
-•-The fact that P 2 O 4 funushes phosphonc and phosphorous acids when 
treated with water is expressed by the structural formula 0 =I^ 0 ,^P 
If phosphorus tetroxide be the anhydnde of hypophosphonc acid, we 
should expect 0 =P= 03 =P -f 2HjO (OH)™?©— 0— P(OH )2 If 
the last formula really represents tiie structure of hypophoqihono acid, 
we should expect this acid to be a reduemg agent like phosphorous acid, 
but it 18 not Its decomposition mto phosphonc and phosphorous acids is 
well represented by the followmg scheme 


HO\ yOH H0\ /OH 

0= P-P ^0 -1- HgO = 0=P-H -f- HO-P^O 

^OH HO"^ ^OH 

Hypophosphonc acid Phosphorous acid Phosphonc acid 

Accordingly , phosphorus tetroxide, which also decomposes into tho same 
two acids m contact ivith cold ivater, has probably tho structural formula 

O=p^p=0 

With two molecules of water, this gives hypophosphorous acid, and with 

o* phosphonc and phosphorous acids 
A^^g that hypophosphonc acid (meltmg point 70°) corresnonds with 
the above formula (OH)™OP-PO(OH) 2 , the hydrate mSTt 62^ w 

from the effect of the methyl salts, (CH 3 ),P 03 , and ethyl salts (oIh I PO 

seeiM to act as^a quadnValent element in°S»=(OH^^°®’ Phosphorus 

of '^n-aotaod oiidoH and onyooida 

Oxides . 

Aotds 

Phosphorous oade, P,0« ‘“"'I* ^ 

Phosphorus tetroiade, P“0d Orthpphosphorous acid, H,PO, 


Phosphorus pentoxide, PjOj 


H^ophosphono acid, H,POa • 
^hophosphono acid, H-PO, 
^phosphoric acid, H4P»o; 
Wetaphosphonc acid, HPO, 
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Questions 


1 nro phosphorus tnoxido nnd phosphorus pontoxido rcspcctnclv 

prcpsrod * Wlmt hnnpons when phosphorus pontoxido is dissohcd in cold 
wftlor nnd then tho solution boiled T Wint is tno notion of hoot on ortho phos 
phono Odd t — Aberdeen Univ 

S j\Iako tho equation for tho propnrntion of phospluno Comporo phosjihino 
nnd nmnionia Hon mny phosphorus bo contorted to phosphoric noid ? Gi\o 
oqiintions — Unw Petmayhama, USA 

3 Whnt IS tho ofToct of hoot on tho folloning (a) pho^horotis acid, (6) potns 
Slum chlomto, (c) lend nitrate (d) ammonium chlondo T — S/ Andreiia Vniv 

4 Gi\ o some oxnmpics of constitutional formula ) , nnd dLsciiss tho question 
of their use in ohonucnl theory nnd m\ estigntion — Zealand Untv 

5 Hoir mat tho diiforont modifications of phosphonc neid bo obtauiod, nnd 
by tvlmt tests mny thot bo distmmished I — Aberdeen Untv 

0 Phosphorous ncid, HjPOj, tins been variously ropresonted ns — 
yOH .H 

P^OH nnd 0=PC^0H 
^OH ^OH 


Discuss tho question indicating the sigmficnnce of tho following facts (1) That 
m most of its salts phosphorous ncid is tribnsif , (2) That nn other exists of tho 
formula POjfC-Hjlj , (3) That phosphorous ncid mnj bo formed by the action of 
untor upon phosphorus trichloride (4) That phosphenyl chloride, C«HjPCl 
IS formed by tho action of tho trichloride on benzene, C<H(, nnd that when tho 
body IS fronted with water, PO-H-(0«Hi) is produced which on treatment with 
following reaction OPH(OH)C,H. + 2PC1. = OPCUCJfO + 
POCI3 -h PClj + 2HC1 — London Untv 

7 Give a brief account of tho preparation isolation, nnd chief chnroctoru 
of tho 80V cm! oxides of phosphorus , and compare together tho know n oxides of 
nitrogen phosphorus, and ivracmo — London Untv 

8 Dosen^ the propamtion of phosphorus from bone nsh | nnd givo details, 
with a rough sketch of tho apparatus jou would omploj, in order to convert 
Inis cicinont into (a) phosphorus pentoxido (6) phospbmc, (c) pliosphorus tri 
chlondo (d) phosphoniura iodide — London Untv 

t Give the names of tho substonces corresponding to tho formulto m tho 
followmg equation— P, + 3KOH + 3H.O = PH, + 3iaf.PO», nnd cnlculnto tho 
j olutno 01 at *.1 nnd 7S0 mm pressure, and the eight of tho salt m hich ouglit 

«?> • of phosphorus MTiv do wo wnto P4 and not 

d — O — lOf P — 31, K = 30, one litre of hjdrogenat 0® nnd 700 mm 
pressure weiglis 0 09 gram ) ^ o * 

10 Give nn account of tho propnrntion of orthophosphonc ncid , show whv 
it IS considered to Ijo n tribnsic ncid nnd olso by n structurnl formula how it is 
rclntoU to pvTophosphorio ncid — London Untv 

State tho law of mass action ” nnd illustrato it by tho following examples 
(o) tho action of water on antiinonjr tnohlondo, (t) tho action of sloaiii on rod hot 


1- Hovr IS vollow phosphorus converted mto tho red vonotv nnd how cun 
tlio reverso chnngo bo nocomphshed t \Mmt substances can bo formctl when 
jiliosphorus IB (o) heated in air, (6) heated vnth mtno ncid, nnd whnt is tho relntlon 
ship between them T — Hoard of Sdue 

13 Describe bneflj the prcpnrntion of sodium hj pophosphito from phosphorus 
‘’"rofullj tho changes which occur when this salt is hoated; nnd vrlion 
wliitions of mercuric chlondo and acidified potassium pormnngnnntc, respcotlv civ , 
nro mixed with its nqueous solution Whnt is the basicity of liv-pophosphorous 
■icid nnd how has it been nsccrtaincd J— Hoard of Educ ^ ^ 
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Absenic, AimMONy, aed Bismuth 


§ 1 Arsenic— Occurrence, Preparation, and Properties. 


Atomic weight. As = 74 flO , molecular weight, AS 4 = 299 84 Ter- and qumquo 
valent Melting point, under pressure, about 817® , boiling pomt, 460 


Occurrence — The oloment occurs free, and combmcd in a great number 
of minerals — oxide, arsenoltte, As^Oq , sulpludes, realgar, A&jS^ , orptmcnt, 
AsgS, , nmpicld or arsenical pyrites PeAsS, cobaliite or cobalt glance, 
CoAsS, arsenides— <t7i white cobalt, CoASj, arsenical iron, FeAs,, and 
Fe^Asg , mclel glance, NiAsS , hupfemtclel, NiAs Arsenic also occurs in 
most samples of pyrites and hence it finds its way into sulphuiic acid when 
sulphur dioxide is made by roasting pyrites Arsenic is also found in 
commeicial zmo , and m the smoke from coal when the coal contains 
pyntes , hence also arsomo finds its way into the atmosphoie of towns, 
where it can be detected, particularly in foggy weather Arsomc is also 
found m some mineral waters — eg Levico, ^cegno, etc A Gautier 
says that traces also occur normally m the human body Tlio more 
qualitative detection of arsomo does not therefore give much information 
unless the operation is more or less quantitative 

Preparation — The element arsemc can be prepared by hoatmg a 
mixture of the oxide, As^Og, with powdered charcoal m a clay crucible 
As.O, -4--60_==-6 CQ,j=JA8.. The crucible is provided wth a coracal iron 
cap in which the arsemc sublimes Most of the commercial arsenic is 
either a natural product, or else it is made by heatmg mispickol in a clay 
tube fitted half its length with an inner sheet iron tube The arsenic sub- 
limes mto the iron tube By withdrawmg and unrolhng the tube, the 
element arsemc is obtamed FeAsS = FeS + As The arsemc so obtamed 
IS not very pure I t is.nun fied by ^reTObhmataqn from admixture of the 
crude element and charcoal ' 'r- , , — 


Properties — Ordmary arsenic is a steel-grey metalhc-lookmg 
substance, which forms hexagonal rhombohedral ciystals with a bnght 
lustre It IS caUed grey arsenic or r-arsemc to distmguish it from Wo 
other aUotropio modifications Grey arsemc is brittle, and, like the metals 
It 18 a good conductor of heat Its specific gravity— 6 '727— is higher than 
^ical nou-me^ In general physical properties grey areemc resembles 
the metab, but otherwise it is classed with phosphorus among the non- 
metals. It sublimes v^ slowly at about 100®, and veiy rapidly at a dull 
h^t, vnthoirt melting If heated under pressi^, it melts about 
817 , but under ordinary pressures it sublimes without meltmg The vapour 
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ifl lomon-yollow , and it smoll") like garlio. Arsonic is not ftU/«ro(l by oxpo'jnrn 
to drj' ftir but in moist air a mirfoco film of o'citlo is formed At 180® It 
burns uith a bluish flame, forming araonioiis o\ido, Mfif It is roadih 
o\idi7od bj ooiioontratod nitno and sulphtirio ooids. Dilute siilphunc 
aclj^as“\or3 liCtlo*^ notion on" arsonio, uliilo hot ooncontfalod sulphiino 
acid dissolves ^nrsonio forming sulphur dioxide and jtrobnbly a ytsty 
unstable arsenic sulphate, A«j(S04)3, '"hich immediately decomposes 
into»thftj)Xidi> ^ JblHte,nitnp,noidjn the cold has voryjittlo notion, but 
tho, hot noid o'^diros the olpmont to arsomo noid — ^HjAsO^ Conoontrated 
nitoojioid/ahd nqii^ rcQia also form ai^onio aoid Arsenic is not appro* 
qiably attaokod by hydrodilorio aoitf in tho absonco of air , but if air bo 
preso nC’ yi'^' ^iRhtiysoTublo' '~Asy)^'i8"s'n3~to‘~bo* fir^ formed afid then 
dissotiTcSr ns* aTsonio’'Cffofflorido, AsClj The olomont combines directl3 
M jth chlorine at ordinary tomporaturos, forming arsonic triohlonde Arsomo 
unites until almost all the metals, forming arsenides — rg iron— FoAs^, 
cobalt— CbAsj , nickel — NiAs, oto Arsenic is insoluble in sodium 
hydroxide 

Allotropic modifications — ^IVlien groj arsomo is quickly lieateil in a 
ourront of hydrogen, black glittering cry'stnls of nrbonic nro deposited 
nearest tho hot portion of tho tube , and, further on. a jollou powder is 
deposited Tiioso nro supposed to represent iu'o allotropic modifications 
of arsomo Tlio specific graiitj of the black \nriofj is 4 7, and of the 
yellou, 3 7 The -volloiv lanoty, called a.arscnic or yellow arsenic, is 
formed by tho rapid condensation of arsenic vapour, and it is made by 
distilling arsenic m a current of carbon dioxide, and passing tho vapour 
through n U'tubo in which tho arsomo is condensed by coming in contact 
with another stream of cold carbon dioxide, or through a U tiilxi 
immersed in liquid nir follow arsenic is soluble in carbon disulphid^ 
from which it is dcpositcd'on evaporation m the form of rhombohedmt 
crystals ydlow nrsonio quickly paasos into tho grey variety when 
exposed to light Tlio offcot of yellow nrscnic on tho boiling and freezing 
point of carbon disulphide corrospoiids with tho formula As^ A reddish 
brown vanoty of arsenic is said to bo deposited from carbon disulphide 
on long standing ‘ Tho blnok modification of arsenic, called /S-arsemc 
or black arsenic, is formed by tho slow condensation of arsenic vapour 
It 18 either a black powder or a bnttio glassy mass with a ooiiohoidnl 
fracture At 360® it passes into tho grov vanoty 

Atomic and molecular wcighte — ^Numerous analyses of arsenic 
compounds show that tho atomic weight (0 = 10} lies soincwhcro 
between 74 00 and 7S 22 Tlio best representative value is taken to be 
74 9® » and tho molecular weight of no known volatile oompound of 
arsomo has less than 75 parts of arsenic per molecule when the molecular 
weight IS determined by tho v apour density (Avogadro’s hypothesis) Tlio 
spcoifio heat of arsenic is 0 083 Hence by' Didong and Petit’s rule, tlio 
atomic weight is nearly 0 4-1-0 083 = 77 Arsomo in tho arsenates is 
isomorphous with phosphorus in tho phosphates, and the same value is 
obtained for tho atomic w eight by Mitschorlich’s rule Tlio vapour density 
of arsemo at about 860®, air s= I, is 10 2 , and 5 46 at 1714® , and 6 37 at 

’ Arsenic suboxide, As-O, issnid to be formed together witli some of tho nllo 
t^pic modifications of arsonic ‘when tho cloinent is sublimed in open tubes 
^ There is some doubt about this 
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1736° Tlie molecular weight at the high temperatures thus confOTms 
With a two atom molcculo and a molecular weight 6 4 x 28 9 = 150 , 
and at low temperatures with a four-atom molecule 

History — Arsemc was known to the ancients and considered by them 
to be a land of sulphur Aristotle mentions a substance, <rat>Sapixri 
(sandarach), winch appears to have been arsemc sulphide, and was called 
by Theophrastus ip(r€vtK6v (arsetukon), meaning “ potent ’* The element 
arsemc was prepared by Albertus Magnus, about 1250, and it was con- 
sidered by the later alchemists to be a bastard or semi-metal Brandt 
first showed that “ white arsenic ” is the calx of arsemc , and since the 
establishing of Lavoisier’s theory of oxidation, white arsemc has been 
eonsidered to be the oxide of the eleniont 

Uses — ^Arsemc is used m the manufacture of arsenic compounds — 
arsemc tnoxide, etc , and in certain alloys The presence of a trace in 
lead— -1 1000— makes lead harder “ChiUed shot” is hardened with 

aismiic The addition of arsemc loiVers the molting point of the lead 
and increases its surface tension, so that when the shot is made by allowing 
the molten lead to drop from a height mto water, the shot becomes spherical 
before it is cooled by the water 


§ 2 Antimony — Occurrence, Preparation, and Properties 

Atomic weight, Sb = 120 2 , molecular weight, Sbj = 480 8 Ter-, quadn- 
and qumquevalent Melting pomt, 630 6“ , boiling pomt over 1300“ 

Occurrence — ^Antimony occurs free in small quantities in Borneo and 
a few other places It is nearly always accompanied by some arsemc 
Antimony occurs combmed with oxygen as antimony bloom, SbjOa , and 
as aniimony ochre, SbjO^ , combmed with sulphur as stthiite or grey 
antimony ore, SbjSj , and as antimony blende or red antimony, SboSjO 
It also occurs combmed with sulphur and the metals 

Preparation — Antimony is usually extracted from the native sulphides 
by heatmg the pulverized ore with scrap iron m a plumbago crucible. 
IDie iron combmes with the sulphur forming a slag of iron sulphide which 
floats on the surface of the molten antimony SboSg 3F e = 2Sb -1- 
3 FeS In another process, the crude sulphide ls melted in ^ch a way that 
the molten sulphide flows away from the less fusible roel^ impurities 
This process is called liquation The hquated sulphide is then mixed 
with about half its weight of charcoal and carefully roasted so as to > 
convert the sulphide mto oxide 2Sb2S3 -f QO, = 2Sb203 -j- fiSOg Part 
of the antimony oxide condenses in the flues, and a readue of Sb,04 and 
unchanged sulphide remains behind This is mixed with charcoal and 
sodium carbonate, and heated in a crucible The reactions are taken 

<>N°a9.i:.gs.b.. The antimbny obtained by this process is subsequently 
refined by fusmg it with a httle mtre so as to oxidize the contanunatme 
arsemc, lead, sulphur, etc “ 

ProperUes — .^timony is a sflvery-white sohd with a high metallic 
lustre and a cry^lhne (rhombohedral) structure It is very brittle and 
^n be easily pulverized Like the non-metals it is a poor conductor of 
heat, but It has a high specific gravity— 6 7 to 6 8 From its physical i 
properties, antimony, like arsemc, would be classed with the metals but ! 
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jts motallio oharaoteM arc more pronounced than those of arsonio Anti- 
mony molts at 62fl 2“ in an atmosphere of carbon monoxide, and boils at 
IMO" When the molten element is allowed to cool slowly and partially 
solidify in a oruoiblo, the uncongealcd portion may bo poured off The 
interior of the crucible is then lined wntb w'oll formed rhombohcdral 
crystals of antimony isomorphous wntb arsenic In the act of sobdifi- 
oation load contracts, but antimony expands slightly Hence molten 
mixtures of antimony wth other metals when poured into moulds, take 
the fine and sharp impressions of the mould The mote important alloys 
of antimony are type metal load, 75 , tin, 5 , antimony, 20 Stereo- 
type metal load, 112 , tin, 3 , antimony, 18 Bntannm metal copper, 
3 , tin, 140 , antimony, 7 ^ 

Antimony does not tarnish readily on exposure to diy air, but it is 
oxidized sloirly by moist air Antimony is used to coior other metals 
like brass and load alloys Antimony blacl is finely powdoreil antimony 
which IB used to coat plaster casts, and make them imitate metals MTion 
heated in air or oxygon, antimony bums \nth a bright bluish flame forming 
antimony tnoxide, Sb^Og Antimony combines directly with the halogens. 
Tlio action is vigorous, and the combining clement becomes incandcsctiit 
With oblonno, antimony tnchlonde, SbClg is formed Antimonj also 
unites with sulphur, phosphorus, and arsenic, forming sulphides, plios 
[phidos, and arsonidos rospeotivoly Dilute JiydtQchlone_and sulphurio 
^acids have httlojir no. action upon antimony, but the more concontraterl 
acids respectively form chloride 2Sb + CHCl = 2SbCl3 + , and an 

unstable antimony sulphate 2Sb -f- OH^O^ == -f 3SO„ +')Sb 2 (iSO,)i 
Antimony thus bolmvos towards these acids like a" typical metal * Dilute 
hitno acid bos scarcely any action, hut it probably forms an unstable 
anffii^y.nitrate,_SbfN0.^3,^ Concentrated nitno' acid jdoc^ not dissolve 
the' metal but rather oxidii^ it to msolubic SbaOj or SboOg, or a mixture 
of SbjO^ and ShgOe 

AUo^opic mo^cabons — ^lako phosphorus and arsenic, antimony 
exhibits allotropism Tlio vanety now under discussion is called common 
or rhombohedrd or i3.mitimony Yellow or a*antunony is formed when 
antimony hydnde gas, SbHj, is treated with aur at —90° 4SbH3-l- 30„ = 
4Sb -f CHjO This passes mto black antimony on exposure to hght if a 
current of olectncity be passed through a solution of antimony tnolilondc m 
hydroclilono acid — ^usmg an antimony anode, and a platmum cathode — 
an amorphous powder of specific gravity 5 78 is deposited on the cathode 
The cathode has then the appearance of a smooth pohshed graplute rod 
The deposit appears to be a solid solution of antimony tnolilonde in 
antimony If this deposit be rubbed or scratched, an explosion occurs 
This IS attended with the transformation of tlus form of antimony mto 
the stable rhombohodral vanety, at the same time the temperature nses 
to about 260° Clouds of antimony tnchlonde are given off at the same 
time Hence the term explosive antimony is applied to the sohd solution 
of the tnhahdc in a antimony A similar substance is said to be made by 
the rapid coohng of antimony vapour Under these conditions, an amor- 
phous black powder is obtamed with a specific gravity 5 3 Tins vanety 
slowly passes into rhombohedral antimony at 100° and rapidly at 400° 

Atomic and molecular weights— The many analyses of antimony 
compounds show that the atomic weight of this element (oxygen s= 10) lies 
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somewhoro between 119 79 and 122 53 , the best representative value is con- 
sidered to be 1 20 2 The molecular weight of all known volatile compounds 
of antimony show that this number is the smallest wei^t of that element 
which enters mto the composition of any one of its molecules The vapour 
density of antimonj' at 2000 ° corresponds with the one-atom molecule ; 
at 16^° very nearly with a two-atom molecule, and at 1440° very nearlj' 
with the molecule Sb 3 By analogy with arserao and phosphorus, the 
latter number probably means that the vapour contams a mixture of 
Sb^ and Sbj molecules. According to Dulong and Petit’s rule, smee the 
specific heat of antimony vanes from 0 046 at 186° to 0 0537 at 300°, the 
approximate atomic weight of antimony vanes from 6 4 — 0 046 = 139 , 
to 6 4 — 0 0537 = 119, This agrees with the atomic weight 120 2 
^^istory — Stibmte oi antimony sulphide has long been employed by 
the women of the East as a medicme, and as an article of toilet for 
darkenmg the eyebrows It is mentioned m this connection in the 
Old Testament (2 Kings, ix 30, Ezekiel, xxiu 40) Phny terms it 
slibium, and in a Latm translation of Gebcr, it is called anUmontum 
Both terms were in common use ^ up to the time of Lavoisier for antimony 
sulphide The latter term is supposed to be denved from the Greek 
&tfTi (anti), against , /tovos (monos), one , or French moinc, a monk At the 
end of the eighteenth century, the properties of antimony had probably 
been mvestigated more carefully than the properties of any other clement 
The preparation of the element, and the known and imagmed properties 
of antimony were desonbed by Basil Valentme— a Bcnedictme monk of 
South Germany— about the fourteenth century In his book entitled 
'^tumpTi-Wagm des Anitmontt (The Tnumphant Chariot of Antimonv), 
Valentme approaches the subject with awed devotion “ He who would 
■write of antimony needs a great consideration and a most ample mind 
to a word, one man’s life is too short to be perfectly acquamted 
mth ^ its mystenes ” The same remark might be apphed with equal 
force to any one of the elements. 


§ 3 Bismuth — Occurrence, Preparation, and Properties 


Atormo ireight, Bi = 208 , molecular ■neieht, Bi- = 416 
qumquevalent Melting pomt, 260® , boiling pomt, 1436® 


Ter-, quadn , and 


“ found m many locahties m a fanlv puic 
St aS combmed with sulphur as ImnlJ, 

® ’, 1 . tellunum as taradymite, Bi^Te- , and with oxvcen as 
hsm^h oefire, B 13 O 3 Bismuthte is a hydrated carhonat^^ 
fnrw J i^nth is isolated by roastmg the sulphide so as to 

so that the impurities are omdmed 
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ctystallme, and liko antimony, expands sLghtly in passmg from the bquid 
to the sohd condition The metalhc qnahties of bismuth are far more 
prononnced than is the case mth antimony and arsenic In arsoi^, the 
n^on-metalhe properties predommate, m bismuth, the mcIaUic quahtics 
preponderate. Antimony is mtermediate between bismuth and_arsemc 
Bismuth melts at 269° If the molten metal be allowed to partly sohdify 
m a erucible, and the uncongealed flmd be poured off, the crucible will 
be found hned with rhombohedral ciy^ls of the element Bismuth 
boils at 1420°, and it distils m an atmosphere of hydrogen if heated 
over 1100° Bismuth oxidizes superficially on exposure to air, but if 
heated m air, it bums, forming B12O3 Bismuth decomposes steam at a 
red heat, but it is not affected by cold air free water It um tes djrectly 
mth the halogens It d oes 1^ form a hydrogen compoimdT, whereas 
a^mony and arseiUo form t^ydndes Bismuth is but'shghtl^attacked 
by hydrochlono acid — ^hot or cold, dilute or concentrated, it is very 
s^nhgly soluble m hot sulphuno acid formmg bismuth sulphate, Bi3(S04)3, 
and si^bur dioxide Bismuth^is readily at^ked by ^lute and concen* 
iiafed mtfio'acid forming bismuth nitrateT BifNOaigi jvhi^^^disrolves 
’'i fl^abtfaT r^laTfomi ng bi8m uth_ohlonde._BiCl3 Thus, mtno acid -with 
.Nbismuth gives a soluble mtrate, with antimony an insoluble oxide, and with 
j a rsehiora solufifebxvacid 

jAtomic an3* molecular weights — ^The atomic weight of bismuth, 
oxygen =16, hes between 207 9 and 210 8 , the best representative value 
IS taken as 208 , and the atomic weight deducted from Dulong and Petit’s 
rule, when the specific heat of bismuth at 18° is 0 0303, and 6 4 — 0 0303 = 
211 Hence, 208 is taken to represent the atomic weight of bismuth 
The vapour density of bismuth between 1600° and 1700° corresponds with 
a mixture of molecules of Bi and Bi^, and at 2000° the moleoulo is 
monatomic 

Uses — ^Bismuth is used m the manufacture of alloys. The bismuth 
alloys are usually somewhat hard, and fusible Many of the “fusible 
alloys ” molt in ivarm water For mstance, Newlon’s meial (tin, 3 , 
lead, 6 , bismuth, 8) melts at 94 5° , Bose’s fusible metal (tm, 1 , lead, 1 , 
bismuth, 2) melts at 93 76° , and Wood's fusible meial (tm, 1 , lead, 2 , 
cadmium, 1 , bismuth, 4) melts at 60 6° Fusible alloys, which melt at 
a low temperature, are used for making safety plugs m steam boilers , 
fuses m electrical connections , m fire alarms , and m automatic sprinklers 
for buildmgs so that if a fire breaks out, the heat fuses a plug of the 
water pipe and thus allows a rush of water from the main The gas pipe 
which enters a buildmg can bo fitted with a piece of fusible alloy so that 
if a fire breaks out, the alloy will melt, choke the gas pipe, and stop the 
fiow of gas. Fireproof doors can also be kept open by fuable plugs which 
allow the doors to automatically close in the event of fire 

History — Metalhc bismuth, colled maroasite,^ was first desenbed by 
Basil Valentme in the fourteenth century, and it was later classed by 
Paracelsus os a bastard metal Agricola considered it to be a true metal 
Some of the eaily ivxiters confused bismuth with antimony (A. Libavius) 
and with zme (N I^mery) J H Pott (1739) first demonstrated the 

1 The term marcasito vas formerly employed somewhat vaguely for any 
ore with a metalhc appearance, and especially to ores now classed as pyrites The 
term is now confined to a special variety of iron pyrites (qv) 
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characteristic properties of bismuth , and its reactions were later studied 
by S E Geoffroy (1753), and bv T Bergmann (1780) The name bismuth 
is supposed to bo denved from the German “ Weissmuth,” "white matter. 


§ 4 Arsenic and Antimony Hydndes. 

Preparation — Bismuth does not form a hydride The hydrides of 
arsenic — arsine, AsHg — and of antimony — stibine, SbHj — ^resemble phos- 
phine and ammonia in composition and many properties Neither arsenic 
nor antimony umte directly with hydrogen B q^ Ir^dri ^^are produced 
action ,of jiasocnt hydrogonfrom metallic zinc^o£jiiaEnesmrri^d 
sutp hunc acid, upon sol ution s, contaimng compo u iids of these^two elements 
Ai^cjs, and-stibme is not, pfoduceif tyjthe^c^n of J^Sro^n^one’rateJi 
w^§»4)ota83iumJQa3xoxide.act3 upon zinc ^ Fleitniann’s test J^ISTO) for the 
distinction of arsemc and antimony is based upon this fact Wlienlarsine 
or stibme is prepared by the action of nascent hydrogen upon an arsenic 
or an antimony salt, in an apparatus sinular to that used for the prepara- 
tion of hydrogen, the gas is accompamed by much hydrogen Argina 
practically free from hydrogen is made by the action of dilute sulphuric, 
acid upon sodium arsemde or on ano arsemde, ZngAsa ZngASa + SHaSOl 
= 2 ASH 3 -4- 3ZnSO^ Stibine is beat made by the action of dilute sul| 
phunc acid upon an alloy of antimony and zmc, or calcium, or magnesium ^ 
The gas is passed through a Lf-tube immersed in liquid air The stibine 
condenses to a white solid, and the hydrogen passes on When the U-tube 
is removed from the hquid air, the stibine vaporizes. 

Properties —Both gases are very poisonous. One bubble of arsine is said 
to have pr^uced fatal effects. Gehlen lost his life with this gas m 1816 
Sttome is_l^ steblet^n a^e Both gases when passed through a hot 
tube deposit the elomenSln the form of a metalhc film Both gases burn 
with a blue flame which give metaUic films m contact with cold porcelam 
^no giv^ arsemous oade, AsjO^, on combustion, stibine, Sb„0, 
btibmo explodes when electric sparks are passed through the gas . arsine 
decomposes with the deposition of arsemc Aisme can be exploded with 
, Both compounds are endothcrmal As -}- 3 H =s 
^ -36 7 Cals , and Sb -f 3H = SbHg -81 8 Cals When an endShermal 
CQmpQund^Womppse 3 ,Jieat j 8 .eyplved. If such a cbmpouhd begihs to 
decompose at any pomt of its mass, the surrouudmg molecules are^ated 
and they too are decomposed developing more heat The decompolS 

f ® vigorous enough impulse bo imparted 

for the decomposition of a suflSoiont number of molecules to rai^ thn 
of tto moloodc to tho 

position Arsmo liquefies at —65®, and solidifies at — noo 
hquefiesat-lS^.andsohdifiesat-SS® at -119 , stibme 

Composition — ^Tho composition of arsine or stibmn pan "Ka j 

by passmg electric sparks through the gas arsenic 01 

ond throo volumes if hjdiogeu oro ^ 

2 ASH 3 = 2As - 1 - ,3H, 

2 V0I3 Solid 3 vote 

* Zinc arsenide is made by heatme mefalliD nnn ....j 
crucible so as to melt the mass Thf caldSS 

antimbny, calcium cblonde, and sodium fusmir 

momdes arc prepared m a similar mama™ crucible The other a'ti- 
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If, sa}', nrrano bo passed over hot ■weighed copper o\ido and the rcaultuig 
wwlor and copper arsenide are weighed, cverj' one part by weight of 
h 3 drogon corresponds witli 24 987 grams of arsonie The atomic weight 
of arsomo by a previous evponment is 74 90 Hoiico, the formula foi 
arsine is (AsHj),, where n is to bo dotoriiuncd, similarly, the formula of 
stibmo IS (SbIL,)n But, the ^aiiour density of arsine, hydrogen = 1, is 
77 9 , and of slibino, 123 0 These unmbers correspond with the formultc 
ASH 3 and SbHj 

, Action on silver nitrate — ^TIio* tivo, gases, araino and stibine, aro 
(distuiginshctl by J^hcir behanourioirards solutions of sihor mlnite IVilh 
,''1 concentrated sihor nitrate solutions, arsine gnes a yellow compound of 
[silver arsenide and sihor nitrate AsH, + GAgNO^ = ^IsAgj 3AgNO, + 
ISHNOj Tins compound is docorapos'xl by water fornung metallic siher 
t and arsomous acid AsAg^ 3 AgN 03 + 3HjO = GAg + 3HNO , + HjAsOj 
I This IS the pnnoiplo of H Gutzeit's test (1870) If a dilute solution of sih or 
I nitrate bo used, sihor is at once precipitated, A. W Hofmann’s test 
, (1860) xVsHa + OAgNOg + SILO = GAg + 6 HNO 3 -r H 3 ASO 3 Stibiiio 
1 under similar conditions forms a precipitate of sih or antimoiiidc, AgjSb, 

t coiitannnatod with some metallic sihcr formed during the action of tho 
hydrogen on tho mtrio acid This reaction sen cs to distinguish and sepa- 
rate arsomo from antimony Tlio diflorcneo 111 the two reactions depends 
I upon tho fact that ammo is OMdizcd to arsomous acid more readily than 
’ tho stibmc, and thus arsine, like phosphine, acts as a reducing agent 

Marsh’s test— Tlio underlying pnnciplo of tho following test for 
arsenic was doMsed by J Marsh m 1830 Place about 3 grams of mttnlhc 

zinc in a small flask A, Pig 222, and odd 
20 c 0 of sulphuric acid (1 aolumc of acid, 
8 ^ olumcs of water) Tho exit tube is fitted 
with a calcium chloride diying tube, £ 
When all tho mr has been cxpcllctl from 
tho apparatus by tho hydrogen, light the 
jot of gas issuing from the cMt tube 27 
Light tlio gas burner so that tho C'^it tube 
IS heated at C If n o mi rror is formed 111 
tho tube ncar_^ (7,“nio rca^nts are free 
and antimony Recharge 
tho apparatus, and add tho solution to bo tested tin tho tap funnel 2 ) 
If arsonie or antimony bo present, a mirror wall bo dojiositcd in tho 
tube m 16 or 20 imnutcs The gas is then crtingiuslied and tho cvit 
tube disconnected. Tho imrror can bo tested for arsemo by heating tho 
mirror wath a small flame while tho tube is held in an inclmcd position 
A gaAc.liko odour can bo detected if 0 01 milligram of arsenic is present 
W'hon the tube is cold arsenic tnoxido will bo found at a little distance 
from tho flame in octahedral crystals wluch can bo seen ■with tho naked 
eye Tfujsp^thrc? results— mirror, garlic like odour, and octahedral 
crystals prove tho presence of arsenic Cuniulatiio evidence is furnished 
by tho application of other tests. If antimony bo present, tho mirror wall 
bo found nearer tho hot flame O than is tho cose with arsomo, indeed, 
some antimony may bo deposited in tho tube before tho gas reaches tho 
hottest portion of tho tube because stibinc is more readily decomposed 
than arsmo If tho exit tube bo not heated at C, and the gases bo burned 
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with hydrogen at the end of tho tube, a piece of glazed porcelain held m f 
the flame uill receive a steel grey or black deposit of arsenic or a velvety I 
brown or black deposit of antimony If the deposit be treated \nth| 
sodium hypoch l orite , solution, , arsenic dissolves, while antimony remains I 
msoluble. This illustrates the more ready oxidizabihty of arserac than | 
antimony 

Antimony forms but one hydnde with hydrogen, SbHg, arsenic 
forms a second hydnde — arsenic dihydnde — supposed to be AB2H2 
This is the velvety-brown powder deposited when arsmo is partially 
oxidized , when a jet of bnmmg arsine impinges on porcelain , and when 
water is electrolyzed with an arsenic cathode correqaondmg compounds 

of phosphorus and nitrogen are unknown Cacodyl, AsjfCHa)^, is the only > 
compound of arsenic analogous with and with hydrazme, 


§ S Halogen Compounds of Arsemc, Antimony, and Bismuth 

Arsemc trichloride, AsCIg, is formed by the direct muon of the 
elements when arsemo is brought m contact with chlonno , and it is also 
formed by distilhng a mixture of arsem c tnomde with hydrochloric jicid 
The distillate of arsemc tnclilondois"a heavy, colourless, viscid liquid, boil- 
ing at 132° The hquid freezes to white needle-bke ciystals at —18° The 
mode of formation of arsemc tnohlonde As^Og -f- 12HC1 ^ 4AsC33 -f 6H. 0 
suggests that arsemc tnchlondo is a salt and arscuious oxide a bLc The 
basic properties of arsenious oxide are feeble as is shown by tho hydrolj'sis 
of the tnchlonde m contact with water With water, areenic tncldondel 
forms arsemc oxychlonde, Asa(OH)2 or AsOCl, with boding water, ' 
atsemous acid is formed AsCSa + SH^O H3ASO3 + 3Ha mid tho ' 
^mous acid decomposes with the separation of arsenious oxide, As.O ' 
Tliere is some doubt if arsemc pentachlonde, AsClj, 13 formed, when 
arserac tnchlonde is cooled with an excess of chlonne Some consider 
the aUeged a^mo pentachlonde is a solution of chlonne in areenic 
moM^de The pentachlonde, if formed, decomposes at —28° AsCI 
77 ^ t tnfluonde, AsFg, is formed as a volatde fuming 

hqmd boilmg at 63 when arsenious oxide, As^Og, is distdled inth the 
matenals-^Icium fluonde and snlphimc acid— used to generate hydro- 
fluonc acid Arsemo tnfluonde is decomposed by water with tho 
formation of by drofluonc acid Arsemc pentafluonde, AsR,, is known 
^^c tnbroimde IS a liquid which gives colourless ^ sL wS 
cooled , ^emc taiodide forms orange-red rhomhohedral oiy&als oio 
conqioimds ate formed by the direct umon of the elements Atxon,,. 
pentiodide, Asig, and also tho iodides Asl and AsX (or AslJ have becL 
reported the first named is veiy doubtful " ^ ^ 

Antunony tnchlonde, Sba„ i sJomed 3y,.th^ J!>^,drvjdilQnno 
QU_^n„exres3 of antimony, and also .by th^s^Sn‘ora?S2! 
mixture^autimOTy^orstabmte wit^mercuno ohlonde It fornTs colonr 
less crystals m^tmg at 73^and boilme at^23°~ lorms colour- 

225 4 corresponds with the formula Sbcf, “ Butter of density 

mass formed by the action of atd on Smte ^ m “ 

chlonne is passed through fused antim^"Tri^Kn^«^ n.s^bnite When 

cMonde, Sbra„ is form^ as a coloaS^or 
ciTstlto at -6" taaies in a., and boda 
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anlimonj tnclilorulo fttid clilonno at 140® Antimonj pcntacldorula 
rcsomblOT ])Ho‘ip]u)niB penUichlondo SbCl^ = ShCl, + Cl^ Awtnnoju 
i tnchlondo is docomiioscd by valor forming tlio antimony oxychloride 
£ as a Mliitc precipitato Tlio composition of tho oxj chloride depends upon 
tho amount and temperaturo of tho iialer Thus, nith one part of 
antimonj’ tnchlondo and 1 7 parts of nator at ordinarj tompcralurcs, 
a prooipitato of SbOCl is formed , -with 5 to 50 parts of ■valor, a precipitato 
of 2SbOCl SbqOj 18 formed, and b\ boiling inth an t\coas of iialcr, 
SbjO^is precipitated Tho oxa chloride nas once used in modioinc nndrr 
tho namo “]ioi\dcr of Algaroth ” — ^after V Algarotus. Antiinona aim 
{/'fonns crystalline tnfluorido, tniodide, and tribromidu bj the direct action 
of the projier olcmonts on ono another 

Bismuth tnchlondo, BiCI, is fomw^ bj the direct action of chlorine 
on bismuth, bj lioating Tjmniifli pith miirc i mo^ plilori do . ancl^hj "^Oi^ 
iPSlihifof7agit((‘1^3i a*onTi^n»in r"'’Bi8mufti trioKIwicto it I a white otj stallmo 
nnss,*tiohljtios^enl th air " irmclts at 227® and boils at 428® Its xaponr 
donsitj 128 corrosponds wath the formula BiCI, Unhko arsenic and 
antimonv oxj’ohloridcs, bismuth oxychlonde, BiOOl, is noi dcconij)om<l 
by water When bismuth trichloride is dissohcd in a httlo water it forms 
a synipy liquid, but wth an cxceas of water a wliite prt>cipltsto of bisiinith 
oxyohlorido, BiOCl The dned procipitato is somctniics called “ jiearl 
white,” and used as a white pigment Bisiuujlij)sychlooclo.isjns^)liiijlo, 
and antimony oxj chloritlo is solublo.iiUflnt^rjo acid Bismuth tnbromide, 
BiBra, is on orange jellow solid, bismuth tniodide, Bil, a reddish 
brown powder, and bismuth tnfiuondc, Bit, a white solid These 
compounds are prepared m a similar manner to tlio tricliloride Thej too 
gi\o precipitates of tho basic salts inth water Bismutli tniodide niiiles 
directly mth hjdrogon iodide forming a monobasic acid— HBiI^ 411 0 
called hydr-iodo-bismuthous acid. The jiotnssium lodobismuthite, KBR., 
crjstallizes m red plates 


^ 6 Arsenic Tnoxtde, Arsenious Acids 


Tho molecule of arsenic trioxido or armnions oxide is s\ mbohzed \s,0,. 
although usually WTittoii As./), Tins is perhaps tlio* most important 

I o pinjioun d of arsenic, and in oommereo it is often called “ wJnto armiiio,” 
or simpl\ arsenic ” * Small quantities occur free in nature Ai>u)rno 
trioxido IS formed by oxidizing arsenic with nitric acid and bj the combiis 
’fion of arsenic Unlike phosphorus, tho oxidation of bunnng arsenic 
^tops when tho tnoxido is formed, phosplioi-us passes a stage further and 
reforms tho pontoxido Commorcial " white arsenic ’’ is a b^ product in 
?tho roostmg of arsenical ores, tho arsenic is oxidized to tho trioxido and 
^tho fumes are led through a series of ohambors or flues arranged to present 
tan extended condonsnig surface to tho gases Tlio crude product— 
|j arsenical SMt —is collected poriodicallj It is refined bj sublimation 
^ from iron cylinders 

Properties -^Liko phosphorous oxide, arsenious o'xido occurs in screral 
ditforont forms \ Amorphous arsenic trioxide, or ’ntreons areomo is a 

-ii„l arsenic suboxide, A 9 .O, is snid lo bo formed tocotiicr wilb 

element when mofnlho nmonio is 8uttr,n an 
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colouiless, noii-orystallmo, glassy substance produced wbon the vapoui of 
arsenic trioxide is slmoly condensed^ at a temperature slightly below its 
vaporizing temperature It melts at about 200° and volatilizes at 218°. 
100 parts of water at 10° dissolve 3 67 parts of vitreouB arsenic oxide in 
6 hours, the solubihty dimimshes on standing E g after standing 1 day, 
the solubihty fell to 3 31 , 21 days, 1 71 , and 2^ years, 1 71 Vitreous 
arsemo tnoxide can bo preserved unchanged in a sealed tube, but if it be 
exposed to the amt gtsidually becomes opaque and forms crystals of octa*^ 
hedral arsenic tnoxide belonging to the cubic system Similar crystals are 
produced when the vapour of arsemo tnoxide is rapidly condensed, and when 
aqueous or hydroohlonc acid solutions of the tnoxide are allowed to crystal- 
lize Octahedral arsenic tnoxide has less than one-third the solubility of 
the vitreous vanety The specific gravity of the vitreous compound is 3 74, 
and of the octahedral form, 3 63 The 
passage from the vitreous to the octahedral 
vanety is attended by an evolution of 
heat, 6 3 Cals Octahedral arsemc tnoxide 
vaporizes without fusion, but if heated 
undei pressure it melts and forms the 
vitreous vanety iL»a^,hQt.«fi}itv«i\ted 
polutasB^of , 03senic...tnoxide . m^notosstum I 
Jt! 9 «.cooIod, . pEipnatic needle- ^ 

, likcuaigffltals.of.rrhombi?^ai:aemq 
separate The latter are sometimes ^id’« 
to Delong to the monoolimc ^stem — «ee 
“Antimony Tnoxide” This variety is 
also formed when either of the preceding 
forms of arsenic tnoxide are heated for 
a long time at 200° Its specific gravity 
IS 4 16 If the, lower part of _ a sealed 
tube ^contammg arsemc tno.xide_bq.ieat^.aboy^^Q,°, the lower part 
"'iy.J?oiitam_ vitreous, , the middle pnsmatic (rhqm^ch^’and* the uppei 
^rt octahedralv (cubic) arsemo .tnoxide This experiment is duo to 
H Dobtay (1864) A mixture of the prismatic and octahedral crystals will 
be found in the zone between the octahedral and pnsmatic crystals Eic, 
J23 will give some idea of the crystals m the mtormediate zone as thev 
appem ma^fied under a li" objective The vitreous form is the unstablel 
variety, ^d the octahedral form the stable vanety at ordinary tempera-i 
toes m vitreous vanety can exist at ordinary temperatures because# 
of the slow speed of transfolmation into the octahedral form At 100°/ 

is qmte fast At higher temperatures still, the octahedral form 
passes into the monoohmo vanety 

AH thtw Taneties of orsomo toioxjd© voponzo at 318® The TOorair 

«o onhuoT mao . hut tho hatatual u«. of smoU doaot o 
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more or loss immuno to tho oiTcots of muoh larger quantities.*’ Tho 
antidote is freshly precipitated feme hydroxide made by adding aqueous 
lanunonia to a feme salt — e.g feme chloride The efficacy of tho antidote 
‘‘depends on tho formation of an insoluble compound ivith iron hydroxide 
Uses — AfHnmn -trioxido IS used in tho manufacture of pigments — 
Sdieele's green, for instance, is a copper hydrogen arsomte, HCoAbOa, 
once largely used to colour wall paper , Pans green or Schwemfurl green 
IS a double salt of copper acetate and copper motaarsonite — 30u(As02)2 
CufOjH^Ojlj It IS used as insecticide, and for poisoning \ormin Arsenic 
trioxide is also used in presorvmg tho skins of animals, and m tho manu* 
faeturo of glass and opaque enamels 

Arsenites — Aqueous solutions of arsonious oxide cxlubit a feebly acid 
reaction, and redden blue litmus, probably duo to tho formation of an 
unstable arsenious acid, HjAsOj Tins acid has never been isolated 
because tho solution, on concentration, deposits crystals of tho trioxido 
Salts corresponding to ortho , pyro , and meta arsonious acid are knorni 
Tlio constitution of tho salts of these throe acids may bo understood from 
tho graphic formulai 

HO-As<°| ™>As-0-As<^g H0-As=0 

Ortho araomoua acid Vyio araenious ncid Jilotn arsonious noid 


Tho salts are formed by precipitation or crystalhzation from solutions, 
* not by igmtion as in tho case of tho corresponding phosphorus acids 


Aoioa 

Ortho arsenious acid, Aa(OH)], 
or HjAsO] 

Pyro arsonious acid, As<0(0H)4, 
or H,As 0] 

Motn arsonious aoid, AsO(OH), 
or HAsO] 


SaIiTS 

Sihor ortho nrsemte, AgiAsOj 
Copper hydrogon arsemto, CuHAsOj 
Calcium pyro arsomte, CtuAsjOj 
Ammonium pyro arsomte (NU^), As^Oi 
Potassium moto-arsomto, ICAsO: 

Load rooto nrsomto, PbiAsO*)- 


All the arsemtes, except the alkali arsenites, are insoluble in vator, and 
they are decomposed by oarbomc and hydrosulphurio acids Tho soluble 
. arsemtes react alkalmo owmg to hydrolysis. Arsemous ooid and its salts 
are rednemg agents, but not so poneriul os phosphorous ooid and the 
' phosphites Arsemous acid precipitates red cuprous oxide from an 
alkalmo oiipnc solution "When heated, tho arsemtes aie comerted into 
arsenates and free arsemc, and when heated with charcoal, both tho 
I arsenates and the arsemtes are reduced to arsenic 


§ 7 Antimony Tnoxide and Antimonious Aad 

' Antimony tnoxide or antimomons oxide is made by bunung antimony 
in air, and by oddmg hot ivilter to a solution of either antimony tnchlondo, 
,or antimony sulphate 4Sb0l3 + OHjO = Sb^Og + 12HC1 Tho pro 
eipitated oxide is washed with a solution of soffium carbonate to remove 
tho free aoid, and finally with water 

1 With roforonco to the Stynan araemo caters, J F W Jolmston (1866) sol’s 
“ Arsemc is consumed ohieflv for two purposes — First, to gi\o plumpness to tho 
figure, cleanness and softness to tho skin and hohuty and frcslmcss to the com 
ploxion Secondl} , to improve tho breathing and gi\ e longncss of wind, so tliat 
steep and continuous hoi^its moj bo climbed without difficulty and oxliaustioii 
of breath Both these results are dosenbod ns folloinng almost exactly from tho 
prolonged use of arsemc either by men or ammals ” 
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Antimomous o-ade is a white powder It volatibzes just over 1600 “, 
and its vapour density then corresponds with Sb^Og THie vapour con- 
denses in two distinct for^ ^pnsmatic needle-hke crystals belongmg 
to the rhombic system, and in r^ular octahedra belonging to the 
cubic system These ciystals are isodimorphous with the correspond- 
ing ciystals of arsenions oxide The octahedra are deposited nearest 
to the hot zone, and the prismatic crystals further along in the cooler 
part A mixture of both iviU be found m between The two forms 
occur m nature as the rhombic mineral senarmomte, and the cubic 
mmeral laleniintie The latter crystallizes m well-formed octahedra Tlie 
former is the variety stable at high temperatures, the latter at low ones 
This oxide is very sparmgly soluble m water, and the solution has no } 
action on htmus The oxide is insoluble in mtnc and sulphuno acids. 1 
but it dissolves in hydrochloric acid forming antimony tnchlonde, SbClg | 
The basic quahties of antimony tnoxide are also exemplified in its umtmg 1 
with sulphuric and mtric acids to form salts antimony sulphate, I 
Sb2(SO Ja , antimony mtrate, Sb(N03)3 The oxide is also readily soluble 
m an aqueous solution of tartanc acid, ^[^(C^HiOe), and m a boihng solution 
of acid potassium tartrate HK(C4H40g) The solution furnishes ciystals 
tartar emetic, or potassium, antoonjitarhSte, 2 [(SbO)K(C,Hp 
±nis IS the most important salt of antimony m commerce If hydro- 
chloric acid be added to an aqueous solution of tartar emetic, antimonyl 
chloride, SbOCl, that is antimony oxychloride, is formed, and if sul- 
phuric or mtnc acid be added, ortho-autimomous acid SbfOH),, is 
precipitated because the antimony sulphate or mtrate first formed is 
immediately hydrolyzed SbS^i83)^miQ^®S03-^b(QH)3, 
Antmomtes and antimomous acids — ^Ortho antimomous acid is 
^epared by the action of acids upon tartar emetic as mdicated above 
^e corresponding arsemo compound has not been isolated probablv 
because arsemous hydroxide is not so basic as the corresponding antimonv 

“'d forms a white powder when dned 
at 100 This hydr^ readily loses one molecule of water formmir meta- 
^toomous amd, SbO OH, or HSbO^ Meta-antimomous acid sho^ 
its acidic qna,hties by forming salts— meta-antimomtes— when it is dis- 
solved m alkahra , the hydrogen of the acid is replaced by the basic radicle 
^ Mium mela-anfmomte, NaSbO, 8H,0, Wobtomoa 

gonal crystals It is almost insoluble in water 

Oji.bo;hng^ntimony_Moxide.vith sodium hTdrrf-n,q,» „ Bolntfnn nf 
soto orfeo-antoo^^b(Oya)3 or Na^&bo/iTWe’f £ Sm 
hy^o^ed when tEe^iutionlslHuiSa^ith"*^^ SblONal -4- H n _ 

^ much water 

M solution deposits crystaj of sodium i 4 eta-antanomte S^cooW 
.^e latter is decomposed on further dilution into antimonv tnoS 
Hence, rf sodium hydroxide or carbonate be added to antimonv tnchlondo 

H,Sb, 0 , bnt there k K,mo doM a rt he, ^t bee^^ffi’^TS 
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constitution of the antimonitcs mil appear by comparison with the 
graphic formultc for the corresponding arsomtes. 

§ 8 Bismuth Trioxide. 

Bismuth tnoxide is formed when JiiBihUth is heated m aiijirjvrhon tho 
hydrat^ oxi3tCjBarLonato,"^or ivitratc„i8_oalcmcd Bismuth trioxide is a 
cream coloured powder which is not acted on by water It is the moat 
stable of all the three bismuth oxides. All the throe known bismutfi 
joindra form the tnoxido when heated in air Bismuth tnoxide melts at 
^700°. It IS dimorphous, and isodi- or rather isotn-morphous with tho 
t corresponding oxides of antimony and arsemo ^ Bismuth tnoxide forms 
Hhroe hydrates Bi^Og HjO , BijOg 2H2O , and BijOj SHjO These 
^have no acidie properties and do not combme with bases to form salts 
*The trihydrato is formed by pourmg an acid solution of bismuth mtrate 
l^into on excess of aqueous ammoma 2Bi(N03)3 + GNH^OH = 6NH4NO3 
!■,+ Bi, 03 SHgO This at 100° passes into the monohydrate, Bi303H2^ 

’ Bismutli tnoxido exhibits marked basic properties, for it dissolves in 
I’aoids to form salts— bismuth mtrate, Bi{N03)3, bismuth sulphate, 
< Bi2(S04)3, etc With a small quanfaty of hydro^ono oeid, it first forms 
ihismuth oxychloride, BiOCl, and mth an excess of acid, bismuth tri- 
' chlonde, B1CI3 Water converts all these snlts mto insoluble basic salts 
^and free acid. Tho small amount of acid formed is practically witliout 
'^action on the precipitate at the extreme dilution, and precipitation 
?is tlierofore praotioally complete BilNO-), + 2H»0 = 2HCC?0, + 
^BiOfNOslHsO 

§ 9 Arsenic Pentoxide, and Axsemc Acids 

Arsemo pentoxide cannot be prepared, as m the case of phosphorus 
pentoxide, by the oombustion of arsemo m oxygen gas because the product 
with arsenic is the tnoxide Arsenic acid, H3ASO4, is made by digestmg 
arsenic tnoxide with mtnc acid '^e cold concentrated solutionTHeposits 
rhombic oiysGils of 2H'3As04H20 meltmg at about 36°, when heated to 
100°, tho crystals lose their water of crystallization and a crystalhne powder 
once calle d ortho-arsemc a cid. H3ASO4, remams It was also stated that if 
ortho arsemo acid be heated to about 140° or 180°, pjiro^amenic acid, 
H4A820t IS formed 2HgAs04 = HjO 4- H4AB3O, , and’^T^m^tlus is 
heated to about 200° it passes mto meta-arsemcLaad, JEIAsOg, by the loss of 
another molecule of water H4A82d7 = 2HASO3 + H^O As a matter of 
fact, the existence of only two compounds of arsemo pentoxide with water 
have been defimtely estabhshed — »iz As^Og, 4H2O, and 3AB2OB6H2O 
When arsemo acid is heated to 165° for about 14 davs, to 170° for about 6 
I days, or to 210° for 2^ hOurs, arsenic pentoxide is obtamed as a white 
' deliquescent glassy sobd 2H3ASO4 = SHjO + AsgO, Unhke phos- 
phorus pentoxide, if arsemc pentoxide be heated to a higher temperature- 
over 440° — it breaks down into the tnoxido and oxygen 2 As20b — AB4O5 

2O2 Nitrogen pentoxide is also decomposed on beatmg ” Like phos- 
phorus pentoxide, arsemo pentoxide dissolves readily m water formmg 

* A little known bismuth suboxide, BiO, or Bi-Oj is said to be formed as a 
black preoinitate when a bismuth salt is reduced by on alkabne solution of stannous 
elilortdo it is possible that the precipitate is a mixture of metalbo bismuth and 
of the ludrated oxide 
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tnbasic arsenic acid, H3A9O4— ortho-araemc acid The pyro- and nieta- 
noii are said to resemble the corresponding phosphoric acids, but they are 
less-stable Metaphosphono acid is stable at high temperatures, but meta- 
arsenic acid is decomposed as mdicated above Both the pyro- and meta- 
arscnic acids form crystalhne sohds which dissolve m water with the 
evolution of heat, and the formation of the ortho-acid Hence, unlike the 
correspondmg phosphono acids, aqueouSL-Solut ions of meta- and pyro- 
arsenic acids cannot exist Each of the arsemc acids forms salts isomor- 
pbous with the correspondmg phosphate, but the salts of the meta- and 
pyro acids, when dissolved m water, pass mto the ortho oomjiounds If the 
nomenclature mdicated when discussing the penodic acids were consistently 
followed, the ortho-acid would be As(OH)6 The term ortho- is apphed to 
the As 0(0H)3 acid for the same reasons that P0(0H)3 is called orthophos- 
phonc acid 

§ 10 Antimony Pentomde and Antimonic Acids 

Orthoantimonic acid, EgSbO^, or 0=Sb=(0H)3 ^is acid js ^ made . 
^ nxiili7.inc f antimpmous , chloride with, a concentrated solution of nitnc 
mdl'and then diiutihg t^e solu faon w it h wa ter^ ’ A"wfii£e”]^wHer,'lip^^^“ 
mting Sb^Os 6H0O, is formed which passes mto the ortho-acid, HgSbO^, 
after stan^g over concentrated sulphuric acid m a desiccator for some 
tune At 200°, the ortho acid passes mto the pyro-acid 

Pyro-antimomc acid, H4Sb30t, can be prepared as just stated, and 
also by the action of mtno acid on antimony at 100° The acid obtamcd 
by the latter reaction is not constant m composition, for it is probably a 
mixture of different antimomo acids The pyro-acid can be most easily 
made by the action of hot water on antimony pentachlonde 2Sb^ -f- 
TH^O = lOHGl + H^SbjO^ The precipitate is dned at lOO® The 
pyW acid'itf'8fi^‘tdlose''^ter and pass mto meta-antimomc acid, HSbOs — 
sometimes called antimomc acid — ^pyro antimomc acid, by the way, is 
sometimes erroneously called “ meta-antimomc acid ” 

Naming the antimomc acids — ^There is some confusion in the nomenclature 
of the antimomc acids Fashion has been stronger than system Btnotlv, the 
unknown acid, Sb(OH)s, should be called “ ortho antimomc acid,” but, as in the 
case of the phosphoric acids, the first dehydration product stable at ordinarv 
t^peratures is called “ ortho antimomo acid ” In conformity with the notation 
adopted for the phosphono and arsenio acids, the next dehydration product, 
SiSb.0,,ii8 caUed “pyro antimomc acid,” and the next dehydration product, 
HSbOa, “ meta antimomo acid " E Fremy, who first made sodium pyro anti’ 
momate, NosHiSbsO, OHjO, called it “ aodimn meta antimomate,” and the corre- 
sponding acid, HiSb-O-, “ meta antimomc acid,” to distinguish it from “ anti- 
moiiio acid ” It is best to keep to the uniform system already m use for the arsenic 
ana phosphonc acids 


pentoade, SbjOj — ^When antimomo acid is heated to between 
antimony pentoxide, SbgOs, is formed , this begms to decompose 
f So antnnony tetroade, Sb204, the decomposition is complete 
at /50 or 800° Antimony pentoade is a straw yellow powder, almost 
mTOluble m water When moistened with water, however, the moist mass 
reddens blue btmus Antimony pentoade dissolves m concentrated 
hy^chlonc acid fomung a hquid which has oadiang properties For 

potassium iodide with the separation of lodme 

If the meta- 

awd be Slowed to remam fora long time m contact with water, it forms 
ortho antimomc acid, H3Sb04 ’ 
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Antimonjatcs ~-A11 Uin nnlimojur iwhU ruc niifiinomiiU'n whon 
(Tc-itiHl mth nn nqtiooiiR solution of •potJvs'‘mtn Jiulro-cidi The nortnnl 
ortlio pntiinnnmtoR hiMi not Iws n prp^nml, Imt primivn Fit(« atx* Knowi 
Numorous •cilts of v'”' iiU tn<nntnnftnic acwli limo l«t>n prop'iri'd 
Potassium pyro-anbmoniatc, K,fc.li,0 . w ln'st mado li\ rwlding po^ ili mi 
anfimon}' in fitimll qimnliUw at a time to four timf“i »t« woighl of fiiiird 
nitre, KXO^i 'llic fuRoil mnsR prenminbU conlaniH potassium ortlio-onti* 
moniatc, K 3 RIJO 4 , but nlmi flit eoW ra-VRiR wwlit'tl nifli n-nW, tin 
ortlio salt IS clccninpoxttl forming polaMuim pvTo antmionlatc, K^Rli/) , 
and tlin ndditioii of more \\at<r. or In mpnl Itoiling tin silt jh gnuliialli 
cliangod into llio acid nail potassium dihydrogen pyro-antimomatc, 
KoH SI )^0 OH ,0 ni granular jxnrdor fijiannglv foIuWo in told w-inr, 
but fairh poliildo in hot wvt<r Tin* point «m of fliw •■aU ir H«od m a 
list for podium palts mtli which it guK a prtcipilafi of sodium dihy- 
drogen pyro-antimoniatc, Cft-O On lioilmg pt»ta.H-niiin 

dihydrogen pyro antinionmtc for a long tniic with an cw-vt of nnttr, it 
gndinlli pavtH into potassium dihydropcn ortho-anlimoninte, 
0 = Sh(OK)(On)j whioli i« oUbiinwl or a gilifinoiis pncipilafti 
2 Kn-Rb 04 If ,0 on c\ ftjKiratinii of tin «i>luiii>n Us furtbi'r lulling 

i ortlio anf imoiiic arid 1 “ fornntl All the aiitinnuiiatt t art' dt cotn{»OR«i by 
icidHgniiig antimony ptiitoxidi 

Antimony tctroxide, t'b. 04 — Winn nntinioni tnoxidc m heated in 
air it appeam to amoiiUbr, birming nnlimoni tilroxub ^h_ 0 ,. nhich is 
yilloM ivlieii hot, and iiliiti whin odd fin jmnbr is nlnio'.t inwliible 
in iMitt-r 'riie same oxide is formwl iiln n niitimoni jm iiloxide is Inatwl 
to a red beat , the dissociation pressure is nl>ont C'lC’ Pome eonsider flio 
tetroxidc to lie nntitiionil tn< tiinUinoniatc MiOSIiOt, otlnr®, niitimmu 
ortlio nntimoniate PbbbOi It forms Halts ry potassium lijTpoanti- 
moniate, KjPbjOj, or K 0 Sb _04 when fu-^ed with jKitn-sh Jltnte, 
antimony tctroxide w gun ralK cmisidend to Ik. the anlndnde of on im 
Lnoini nenl hypoantimonic acid— H >>b; 0 ^ 

^ II Bismuth Pcntoxidc. Bismuthic Acids 
If oblonno bo passixl into a boiling nqiicons Point ion of potassium 
hydroxidt m wliicli biPiniitli fnoxide is niisjiendtd, a darb chocolate btovm 
' '■''precipitate 13 formed IKO, + KOH — 3vCl + Jb-O, The precijnfate is 
washed with water, dilute mtne ncul, and dned at lbO" Ihe precipitate 
npjicamto be a mixliin.* of bismiitb jicnloxidt, BuO, withbismutlitclroxidc, 
3 Jl 204 2H_,0 Tile greater the excess and concent rat ion of the lye tbn 
greater tlic y icid of tctroxide The tctroxide is formed w ben the tnoxide is 
oxidizwl with potassium femey nmdi in alkaline polutioiiH. In pome n^siy-cts 
fiio oxide, Bi_, 04 , resembles anlimnny tctroxide Blien lioaterl above 200 ®, 
bismuth tctroxide decomposes into the tnoxide B 13 O 3 If the cummt of 
chlorine gas lie continued until the precipitate becomes pcarlet red the 
washed precipitate has approximately tbo comi>osit ion IvBiOi— potassium 
mctabismuthate, corresponding inth mctabismuthic acid, HBiO^ This 
appears to ho rather a feeble aeid 'XIio mUs are deeomiHiei'd by water 
Potaasium bismnthato, KB1O3 is also formc<I ns a dark nxl deposit on 
the anode wdion an almost boding hot sohition of potassium liydroxide 
(spceifie grantv 1 1 ^) and potassiiiin eblonde in wliieli bismntli tnoxide 
IS sHstwndcd, is elcxstrolvsed 111 a plnlmum dish If iho proeipitafc U 
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washed and boiled for a short time in dilute mtne acid, searlet red meta- 
bismuthic acid is obtamed The ortho-bisniuthates are not known When 
heated between 100° and 120°, bismuthic acid loses its ivater and some 
osygen, and is said to form a bttle bismuth pentoxide, BijOj, and the 
colour changes from red to dark brown. When heated to a higher tem- 
perature, bismuth tnomde is formed The dark brown mass suddenly 
turns deep red at about 300° owmg to the formation of a third modification 
of or dina ry bismuth tnonde Bismuth tetroxide is sometimes considered 
to be a basic salt of bismuthic acid, BiO BiOg, where BiO is supposed to be 
a monad radicle The graphic formula usually assigned to the bismuth 
oxides are 

0=B>® = 

Bismuth Bismuth pentoxide Bismuth tetroxide Bismuthio 

tnoxidc acid 

Bismuth pentoxide is an imstable brown powder formed as mdicatcd 
above With hydrochlone, and the oxy-acids, bismuth pentoxide furnishes 
bismuth salts and chlorme or oxygen thus behavmg Idee antimony pent- 
oxide, and both behave as if they were basic peroxides 


§ 12 , The Sulphides of Arsenic, Antimony, and Bismuth. 


Arsemc trisulphide, AsjSg — This sulphide occurs in nature as the 
mmeral orpiment — ^a term derived from the Latin aun pigmenpum, golden 
pamt Arsemc tnsulphide is formed when powdered arsemc and sulphur 
ate heated together in the proportions mdicated by the formula, 
AsgSg , and it is also precipitated as a canary-yellow sohd when hydrogen 
Bulpmde 18 passed mto a solution of an arsemons salt acidified inth 
hydrochlone acid (p 620) The same remarks apply, mvlaiis miiiandts, 
to antimony tnsulphide, ShgSg, precipitated as a bnek-red powder , and 
to bismuth tnsulphide, BigSg, precipitated as a dark brown powdei 
These sulphides can ho fused, “and on coolmg a bnttle crystaUme mass is 
Obtamed. When heated m air, they ore oxidized to the corresponding 
tnoxides 


Thioarsemtes and thioantimomtes — Antimony and arsemc sulphides 
are soluble m the alkak hydroxides, ammomum carbonate, and alkah 
sulphides, whereas bismuth sulphide is practically insoluble m these 
reagents Similar remarks apply to the effect of these reagents upon the 
oxides of these elements Ounously enough, a compound labelled “in- 
soluble ” m a given reagent often dissolves to a oertam extent if another 
soluble compound be present, and some unoertamiy is often mtroduced, 
m toalytioal processes if this fact be ignored Bismuth sulphide is 
roluhle in concentrated sodium sulphide, hut is repreoipitated on dilution ' 
imstable compounds of bismuth sulphide with the alkahes can be-' 
obtained by fusing the two substances together With the alkah sulphides i 
a^mc tnsulphido forms compounds called thioarsemtes, which mav bo< 
adimnt^eouBly regarded as salts of an hypothetical ortho-thioarsemous^ 
Mid, H 3 AsS 3 . or A8(SH)3 -^383 + SlNH^lgS = 2A8(SNHJ3 , and as' 

m tlio case of the analogous oxy acids, salts of tho hypothetical pvro- 

meta-thioarsenious acid, kLs„ 
Imvo been prepared, m thioarsemtes of the alkalies, alkaline eai-ths 
f magnesium are soluble m ivater, but decompose on boiling The 
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solutrions ate also deoomposed by aoids with the evolution of hydrogen 
sulphide, and the re precipitation of arsenic tnsulphide Hydrogen sul 
phido will not precipitate aisenic sulphide from the normal arsemtes, and 
it IS only partially precipitated from the primary and secondary arsemtes, 
because soluble thioarsemtes are formed If sufScient acid be present 
to prevent the formation of the soluble arsemtes, precipitation is complete 
When arsemc tnsulphide is dissolved m an alkahne hydroxide, both 
arsemte and thioarsemte are formed 2AS2S3 + 4 KOH = SKAsSj + 
KAsOj + 2H2O Similar results apply to antimony sulphide in which 
case thioantiinonites are formed. 

Arsenic disulphide, As^S2, is found m nature as the mmeral realgar , 
and it can be made by heatmg together sulphur and arsemc in the nght 
proportions, or by heating arsemc sulphide with arsemc , or arsomous 
oxide and sulphur , or distdlmg a mixture of iron pyntes and arsemcal 
pyntes Arsemc ^sulphide is a red bnttle vitreous or crystalhne solid, 
it fuses at 307 “ and suhhmes unchanged Heated m air it burns with a 
blue flame formmg sulphur dioxide and arsemc tnoxide It is used in 
pyroteohny , for mstance, in the manufacture of the so called “ Bengal 
fire,” which 13 a mixture of realgar, sulphur, and mtre 

Arsemc pentasulphide, As^Sg, can be made by fusmg together arsemc 
tnsulphide and sulphur m the right proportions It is precipitated when 
a rapid stream of hydrogen sulphide is passed through a cold solution of 
arsemc acid oontaimng a large excess of hydroohlono acid, or through a 
strongly acidified solution of a soluble arsenate Antimony pentasulphide, 
SbjSg, IS made by the action of hydrogen sulphide on a mixture of anti- 
mony pentaohlonde with a httle water Arremc pentasulphide, AsjSg, 
IS citron yellow , antimony pentasulphide, SbjSg, is reddish yellow , and 
bismuth pentasulphide, Bi^Sg, is black 

Thioarsenates and thioantimonates — ^loke the correspondmg tn- 
Bulphides, arsemc and antimony pentasulpbides dissolve in alkali sulphides 
produomg m the one case thioarsenates , and in the other, thioantimonates. 
inth the alkah hydroxides, a mixture of the arsenates or antimonates 
ivith thioarsenates or thioantimonates The free thio acid is hbeiated 
by aoidifymg the solution of the thioarsenate or thioantimonate, but the 
tW acid decomposes at once with the precipitation of the penta^phidc 
Salts of ortho-thioarsemc acid — say, KjAsS^ — ^pyro-thioarsemc aad — 
K4AS3S7 — and meta-thioarsemc acid — say, HAsS^ — ^have been reported 
Similar remarks apply to the thioantimomc acids Bismuth pentasulphide 
does not exhibit the acidic properties shown by the corresponding antimony 
and arsemc compounds Schhppe’s salt, sodium ortiio-thioantimonate — 
NagSbS^ OHjO — ^is one of the beat known thio antimonates. It is formed 
when antimony tnsulphide is boded with sulphur and sodium hydroxide 
It crystallizes m colourless tetrahedra The salt is deoomposed by acids, 
depositmg antimony pentasulphide The crystals on exposure to air 
become covered with a yellowish-red crust of antimony pentasulphide 
owing to the auition of the carbon dioxide in the atmosphere 

ItoS-^ctipn^pt JiyiJrpg^^ ^phide_^ on arsenic aad —The pre- 
cipitation of pure arsemc pentasulphidelrom anaoidhfieSrsolurtaonof arsemc 
acid IS almo^ impossible because some arsenic tnsulphide is formed at 
the same tunc Concentrated hydrochlonc acid m the cold favours the 
separation of the pentasulphide If hydrogen sulphide be passed mto a 
cold solution of arsemc acid, the separation of the sulphide is very slow — 
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over twenty-four hours are sometimes needed for the complete precipita- 
tion of the arsemo as tnsulphide The liqmd remains clear for some time , 
then becomes turbid, and finally arsemc tnsulphide is precipitated 
Solutions oontaimng arsemous acid react with hydrogen sulphide at once, 
but with solutions oontainmg arsemc acid, it is supposed that three con- 
secutive reactions occur 

( 1 ) The slow formation of a thioarsemc acid, H3A6SO3, thus HgS -\- 
H3ABO4 = HjO + HgAsSOg 

( 2 ) The reduction of the thioarsemc acid, HgAsSOg, to arsemous acid, 
HgAsOg, with the separation of sulphur HgAsSOg = HgAsOg -f S 

( 3 ) The decomposition of the arsemous acid by the hydrogen sulphide 
2 HgAs 03 SHgS = GHoO -f- AsgSg 

The mitial and final stages of the reaction are represented by the 
equation 2H3ASO4 -f- 6H^ = 2 S -f- SHjO -f- AsgSg The rate of pre- 
cipitation of the arsemo tnsulphide is deternuned by the rate of reduction 
of the arsemo acid to arsemous acid, by the hydrogen sulphide If the 
solution be heated, the decomposition of the thioarsemc acid is accelerated , 
but for the rapid precipitation of arsemc tnsulphide it is best to reduce 
the arsemc acid to arsemous acid rapidly by boiling with sulphurous acid 
before the hydrogen sulphide is used, and not to throw the work of reduc- 
tion on the slower reducmg agent — ^hydrogen sulphide 

§ 13 The Nitrogen Family of Elements 

ine properties of the group of elements — ^mtrogen, phosphorus, arsemc, 
antimony, and bismuth — ^just considered show a gr^ual transition from 
non-met^o nitrogen to metaUio bismuth The relationship of the physical 
properties of the elements is best shown by arrangmg them in the order of 
then atomic weights, when the gradual and regular difference between the 
properties of successive elements is made clear — , 


Table XLHI — ^Pbopebties op the Nitrooeh-Phosphoetjs Family 


1 Nitrogen 


Arsemc 

Antimony 

Bismuth 

Atenuo weight 
Specific gravity 
Atomic volume 
Melting pomt 

Boiling pomt 

14 01 

1 026 
13 7 
-214° 
-193° 

310 

1 82-2 31 
about 16 
44° 

287° 

76 0 

4 69-6 73 
13 to 16 
[480°] 
[460-'] 

120 2 

6 62 

18 

629 2= 
1440° 

20s 

0 78 
213 
270= 
1420° 


The changes m the meltmg and boihng pomts are not so regular as the 
other properties, but this may be related to the fact that phosphorus 
arsenic, and antimony have four-atom molecules whereas bismuth has 
probably a two-atom molecule The heat of combination of the different 
wemente with hydrogen shows a somewhat similar giadation NH, -4- 12 

+ 111 6 0 * , Ash, - 36 7 0 . 1 , , SbH, i 81 8 Cab ASsitma 

is a relatively strong base, phosphme a feeble base, while arsme and stibine 

oxy-acids dimmish m strength dunne 
ae pas^ge from nitno to phosphoric, to arsemc to antimonic, to bismuthif 
1 properties of the oxides hkewise dimimsh from the 

^ngly arad mtrogen and phosphorus acids, to the feebly acidic oxSes of 
arsbmo, antimony, and bismuth The basic property first aptiears with 

oiamui. Tl»tooMondortmtrogani8TeiyiiastobHwWomahmiuth 
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the triohlondo is quitp stable The boiling points of the triolilondes moiease 
Mith moreasmg atomic woi^ts of the elements, thus NCI 3 boils at 71° , 
,, PCI 3 , 78° , AsClg, 130 2° , Sba 3 , 200° , and B 1 CI 3 , at 447° The halogen 
i compounds of mtrogen and phosphorus are completely hydrolyzed by 
^Avator, arsomc tncUonde is also hydrolyzed by water, but it can exist 
^ in solution in the presence of hydrochloric acid. Antimony and bismuth 
Nhahdos are mcompletely hydrolyzed by ivater The study of the pro 
I gressive changes in the properties of these elements could bo developed 
^ mueh further, but sufficient has boon indicated m what precedes to 
'' emphasize the family resemblances 


§ 14 Vanadium, Niobium, and Tantalum 

Vanadium, V Niobium, Nb Tantalum, To 
Atomic weights 61 08 03 5 181 

The three elements — vanadium V, niobium Nb, and tantalum, Ta — 
have many properties which relate tliom with the mtrogen family The 
physical and the chemical properties of the three elements have a family 
hkoncss With the physical properties 


T IDLE XLIV — PBOPEnriKS or the Vanadium Fasiili 



Vanadium 

Niobium 

Tantalum 

Atomic weight 

61 06 

93 6 

181 

Colour 

Sih ery metal 

Steel grey metal 

Iron grey metal 

Specific Rravity 

66 

7 08 

8 

Atomic \ olume 

93 

13 3 

23 

Melting pomt 

1730“ 

1960° 

2860° 


The relations of these elements with the mtrogen family are often 
emphasized by the scheme shown in the margm below, where the hyphen 
represents a supposed element not yet discovered 

History of vanadium —Del Eio, m 1801, expressed the opmion that 
a Mexican ore which he analyzed contamed a new metal which 
N he called “ eiythromum ” — from the Greek 4pvep6s (erythros), 
I red — because it furmshed red salts when treated with acids 
Del Rio abandoned his opimon when Collet-Descostils, four 
V \ years later, claimed that the supposed new metal was an 
i As impure chromium oxide In 1830, N G Sefstrom described 
J-, a new mmeral which he found in some Swedish iron ores, and 
Pr I suggested for it the name " vanadium "—from “ Vanadis,” a 
1^ — Scandmavian goddess. Immediately afterwards, F Wohler, 
la I 1831, estabhcOicd the identity of Sefstrbm’s “vanadium” with 
"1 Del Rio’s “erythromum.” J J Berzelius, 1831, investigated 
vanadium, and he appears to have been under the impression 
that the oxide VO was the metal itself H E Roscoe, m 1867, isolated 
the metal and established its relationship with the nitrogen family of 
elements 

Vanadium. — Vanadium ooours m a few nuncrals, c g vanadinitz. 
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Pbj,{V 04 ) 0 I, etc Small qaantitaes occur in iron ores, and traces occur in 
meet Bnti^ fireclays and m gramtic rooks When the ores are fused with 
sodium mtrate, so^um vanal^te is formed This can he extracted with 
water When the solution is treated xnth an ammomum salt, an orange- 
coloured precipitate of ammomum meta-vanadate, NH 4 VO 3 , is ohtam^ 
When this salt is heated, vanadium pentoxide, more or less impure, 
lemams W von Bolton (1908) made coherent ro^ of vanadium, niobium, 
and tantalum by mouldmg small rods of carbon, paraffin, and the pent- 
oxide, and bakmg them at high temperatures The rods were then heated 
by passmg a moderately strong current through them tn vacuo This oxide 
can be fused without decomposition, and it behaves m solution as a weak 
acid fonmng a senes of salts meta-, pyro-, ortho , tetra-, and hexa- 
vanadates This element resembles mtrogen m formmg several oxides 
The salts of the different oxides ate coloured as mdicated below 

Salts of V.0 V.O. or VO V.Os V-O^ or VO. VjO, 

Colour — lavender green blue orange or yellow 

The basic properties of vanadium oxides become less and less pronounced 
os the proportion of oxygen mcreases The higher oxides exhibit acidic 
as well as basic properties The element also forms a senes of ohlondes 
VCIj, VCI3, VCI4, VOCI3 The existence of VCI5 is doubtful Dnhke 
mtrogen and phosphorus, vanadium is undoubtedly a metal As m the 
case of phosphorus, the metal, if heated to a high temperature, burns to 
the pentoxide, 

Vanadium is us^ m making special steels because very small quantities 
of vanaAum modify the properties of steel by mcreasing the hardness and 
^lleabihfy of the metaL The addition of a half per cent of vanadium, 
for instance, raised the tensile strength of a sample of steel from to 13 
tons per square mch The so call^ ferro-vanadium is a special alloy 
of iron nch m vanadium made to facihtate the alloymg of defimte amounts 
of vanadium with the molten steel 


History of niobium and tantalum —In 1801, C Hatchett analyzed 
some chrom^ mmerals from Ckmnecticut, and found an earth hitherto 
unknown. He named the mmeral “columbite,” after the place of its 
element was designated ” columbium.” A year later, 1802 
a element m some Einmsh mmerals resembhnir 
OTl^bite To this he gave the name “tantalum ” from “Tantalus” 
^ mythology, m allusion to the " tantalizing ” difficulties he 
encountered m dissolvmg the mmeral m acids In 1844, H. Rose noticed 
^ of colmatate froxTBoSmT, 

K to Ekebag’s tontaliun, and the other has heoi! 

*^,,*•'“'’0 flo mjlthological danj^tet of TanWos 

J-he term columbium ” was once apphed to Rose’s moblnTn 

S aSr -^fo“ KSS 
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compounds are the mobates and the tantalates The elements are produced 
when the chlorides are reduced in a current of hydrogen Tantalum forms 
a senes of complex salts with alkaline fluondes Thus, BUTalV is formed 
in ihombio needles when a solution of tantalio acid in hydrofluono ooid 
IS treated with potassium fluonde The ^armg solubility of this salt 
m hydrofluono acid enables tantalum to bo separated fiem mobium. 
Niobium metal melts at about 1950°, tantalum about 2300° The metal 
tantalum is used as a fllament m moandescent eleotnc lamps — “ tantalum 
lamps.” 

Didymium or rather praseodymium (Pr) and neodymium (Nd) members 
of the rare earth senes (g v ), probably belong to this family, and ho 
between mobium and tantalum. Comparatively httle is knoivn about 
these elements. 


Questions 

1 State what would be observed and the nature of the ohanges which occur, 
in each of the following coses (equations not required) (o) 'vdion phosphorus 
trichloride is added to a considerable \ olume of wotor , (6) when bismuth tn 
clilonde is added to a considerable ^ olnmo of water , (e) when a hot acid solution 
of potassium permanganate is treotod with hydrogen sulphido , (d) when on 
alkalme chromate solution (as KCrOj, a salt derived from Cr.Oj) is treated with 
sodium peroxide and converted mte o salt derived from CrOj — Masaachueetts 
Inat Technology, USA 

2 Compare the hydrides of nitrogen, phosphorus, arsenic, antimony — Unit 
Pennsylvania USA 

3 Besonbe carefully the preparation of gaseous hydride of phosphorus and 
compare its properties with those of the corresponding hydrides of mtrogen and 
arsenic. — Sheffield Untv 

4 What are the chief sources of white arsemo ? How can this substance bo 
oomerted mto (o) arsemo acid , (b) Schecle’s green (e) arsenurotted bjdrogen T 
By uhat property can arsenurett^ hydrogen be dislwguished from ammoma 
and from phospbme T — London Unw 

5 Arsemous acid is less soluble m normal hydroohlono acid than m pure 
water, and increase m the concentration of the acid leads to a further dimmution 
m tile solubihty of the oxide imtU, when the concentration of the acid reaches 
3 2 normal, the solubihty of the arsemous acid becomes a minimum, the solubihty 
afterwards nsmg as the concentration of the acid is still further mcreosed Discuss 
and erolam these results — St Andrewa Univ 

0 Discuss the foUowmg ohanges and suggest an e'<roIanation apphcablo to 
both of them — (a) when concentrated hydroohlono acid is mixed with concen 
trated brme a precipitate is formed wlucfa disappears on the addition of water , 
(b) when water is mixed with bismuth ohlonde solution a precipitate is formed, 
which disappears on the addition of concentrated bydroolilonc acid — London Untv 

7 TlHuch of the elements are to be re^rded as most similar to mtrogen 7 
Indicate the grounds on which jour answer is based Aberdeen Untv 

8 Why are phospbono and arsemo acids regarded ns “ tnbnsio acids ” when 
they yield salts such as those of the formula NajHPO^, and Ka^HAsOi on neutrah- 
zation with sodium carbonate 7 Formulate meta , ortho , and pyrophosphonc 
acids m accordance Vith (o) the old duohstio theory of the composition of acids 
and salts , and (b) the modem theory IMiat facts apparently justify the latter 7 
— London Unw 

0 Ih what forms does arsemous oxide exist 7 What happens when the oxide 
IS (a) mtrodneed mto on apparatus in which hydrogen is bemg generated , (b) 
heat^ , (e) heated wnth charcoal , (d) heated with ddute nitno acid 7 — London 
Unw 

10 Describe the action of water (o) in small and (b) in large quantity on the 
chlorides of phosphorus, arsenic, and antimony — 'Board of Edue 

11 How IS arsenic obtamed and how would jou prepare arsenic chloride, 
arsenic trioxide and arsemo acid from arsenic 7 lyhat ore the more charaotenstio 
properties of these substances 7 — Board of Edue 



CHAPTER XXXin 


Boron, AmMiNiuar, a2?d Related Elejients 


§ I Bone Acids and the Borates 


Extraction — ^Volcanic jets of steam (soffiom) at a temperature between 
90° and 120°, issumg from the fnmaroles on the so called Maremme di 
Toscana — or Tuscany Marshes — carry small quantities of bone acid 
The steam condenses m lagoons (lagom) of water which often surround 
the jets The water of the lagoons becomes highly charged with the acid, 
and the bone acid can be obtamed m a crystalhne condition by evaporating 
the water of the lagoons Artidcal lagoons for arrestmg the jets of steam 
were established m Tuscany in 1818 , and artificial soffiom were bored 
m 1854. The natural heat of the steam is utilized m concentrating the 
water The crude acid — called Tuscany acid — is contaminated with 
ammomaoal salts, etc , and it is coloured yellowish brown The crude acid 
oontams about 82 5 per cent of bone acid, and it can be refined by dis- 
solvmg it m hot water, and mmng the solution with freshly igmted 
powdered charcoal This removes the colourmg matters The clear solu- 
tion 18 then allowed to crystalhze, and this is placed on the market as 
“ refined bone acid ” or “ refined boracic acid.” The water of the hot 
spnngs at Sulphur Bank and other places m Nevada and Cahforma is 
nch m borates 


Action of solvents — ^Bonc acid crystallizes dunng the coohng of its 
hot aqueous solutions as white shimng plates belonging to the tnehme 
system When the aqueous solution is boiled, the acid volatihzes with 
the steam, 100 grams of water at 100° dissolve 27 5 grams of E^BOg , at 
50 , 8 8 grams , and at 0°, 1 96 grams Bone acid is more soluble in 
alcohol than m water The alchohc solution bums with a charactenstio 
flame tmged with green, and in this way, 0 001 gram of bone acid can be 
detected m a solution contaming 0 1 per cent of the acid. The aqueous 
solution turns blue litmus claret-red , and moist yellow turmenc paper is 
TOloured brown. Unlike the brown colour produced by alkahes with 
tumenc paper, the bone acid stam is not destroyed by acids In a solution 
acidified with hydrochlono acid, 0 0001 gram of bone acid m a solution 
rantoinmg 0 01 per cent , wiU give a pink coloration when the paper i^ 
dned at 100 , if too much acid be present, the stam will be brown, Sd If 
no acid be present, the colour does not show 

^ carbomc acid, bone acd 
IS not affwted by methyl orange H phenolphthalem be used as indicator 
and the boim acid be titrated with sodium hydroxide, the pink colour of 
the phenolphthalem appears before all the bone acid is neutralized This 
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IS duo to tlio hydrolysis of tho alkaline borate If _ ina nmtg or^ glycerol 
(free from acid) is added to the solution, the hydrolysis is prevented, hence 
tho end point of tho titration is reached yrhon tho red colour of the phonol- 
phthaloin persists when more manmto is added Tho reaction which 
occurs during tho titration is NaOH + H3BO3 = NaBOo + 2H2O 
Action of heat — Bono acid is a tribasio acid, and it has tho ultiniato 
t composition H3BO3, or B(H0)3 A solution containing 22 38 per cent 
J raised tho boihng pomt of water 1 90® , hence, from tho formula on 
f,p 216, 6 2 X 22 38 — 1 90 = 62 7 Tho theoretical number for H3BO3 
'IS 62 Hence mth boron torvalent, this acid is orthobonc aod, B(OH)3 
' If heated to 100°, orthobonc aoid loses ivatcr and forms metabonc 
I acid, HBO2, also wntten HjBoO^ 1 1 gram of metabono acid diasolved 
} in ivater lowered tho freezing pomt 0 490° Hence from tho formula on 
ip 218, 186 x 1 1 — 0 49 = 42 8, corresponding nith the formula 
^ HBO, If heated to 140°, bone acid forms tetrabonc acid, or the so 
t called “ pyrobono acid,” H,B^Oj 4H3BO3 = SHjO + HaB^O, IMien 
* bone acid is heated to a still higher temperature— red heat ” — it forms 
J anhydrous boron triomde, or bone ovidc Tlie fused moss solidifies to 
I a colourless transparent gloss nhioh absorbs moisture from tho atmosphere, 
!and becomes opaque, finally passing into bone acid (Anhydrous silica 
, does not combine directly ivith water ) Bono o^do volatilizes extremely 
^slowly at a red heat Sulphuno acid, it ivsll be remembered, is not so 
> strong an acid os hydrochlono acid at ordinary temperatures, but, omng 
£ to tho more volatile nature of hydroolilono acid, tho less \ olatilo and n oakor 

I - sulphuric acid is able to convert tho chlondos into sulphates, ns indicated 
‘ previously Similarly, m consequence of tlic non volatility of bone acid 
r at a red heat, itr is able to decompose the compounds of tho stronger ooids 

I inth tho bases and form borates B3O3 + SK^SO^ = 2B(OK)3 + 
Sulphunc and hydrochlono acids are much stronger than bone noid when 
compotmg for the bases m aqueous solutions, but at a red heat, tho more 
volatile acids are driven off 

Constitution — ^Tho three bone acids arc related by tho empirical 
formulffl orthobonc acid, BjO^ SHoO , metabonc acid, BjOj H-O , and 
tetrabonc acid, 2B3O3H3O The relationship is perhaps best slionn bj' 
the graphic formulm 


OH 

" ho-b<o>b-oh 


^B<g>B-OH 


Ortliobono aoid, Motobono ooid, BO(OH) or Totmborio ocid. 

B(0H), H-B-0, H:B^O, 

Tlio mota- and pyro boric acids immediately pass to orthobonc acid in 
aqueous solution 

Orthoborates — Tlio salts of orthobonc acid are unstable and few 
well defined orthoborates are known Magnesium, orthoborate, JMgjfBQglj 
IS one of tho best known orthoborates Tliero is no doubt about tho 
tnbasioity of tho acid, however, because the hydrogen of B(OH)3 has boon 
successively replaced by organic radicles such ns CjH^ Thus, ethyl 
orthoborate has a vapour density corresponding \nth b1 [OC2H5)3 Tins 
latter compound is formed as a volatile compound in the flame test for 
bone acid 
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Metaborates — ^The metaborates appear to bo the inost stable salts 
of bone aoid Potassium forms a metaborate, KBOg , *1and senes of 
potassium acid borates — ^KB02 HBOj, or KHBoO^ , and the KBO^ SHBOj 
Tetraborates or pyroborates — ^These are also sta^ compounds The 
best known is borax, NajB^O; lOH^O A senes of implex calcium and 
magnesium borates oc(jUtf“m natuie boroealcite, CaB^Oi, GHgO, from 
Iqmque , boronatrooaloite (ulexite), NajBjO, 2CaB407 ISHgO, from Ohili , 
boraoite, 2Mg3BgOi5 MgClg, from the Sthssfurt deposits , pandenmto, 
OajBflOii 4H2O, from Pauderma m Asia Minor , colemauite , etc 

The borates nearly always oontam water of ciystaUization, and,J 
excepting the alkahne borates, they are but sbghtly soluble m water The 1 
borates are easily decomposed by water, and acidulated solutions of the I 
borates give the flame and other reaotions charaotenstio of bone acid ^ 
In some places bone acid is made directly from the native calcium borates ’ 
by dissolvmg the mineral m hot hydroohlono acid and coUeoting the 4 
orj'stals of bone acid which separate on coolmg The acid can also bo^ 
made by the action of sulphunc or hydroohlono acid on borax * 

Bone oxide, like alumina, is an “mtermediate oxide," for it lias 
feeble acidic and feeble basic properties As a weak acid it forms a senes 
of salts — ^borates Bone oxide also forms complex, salts — ^boro>silicates — 
with the metalhc oxides and sihca, c ff tourmalme Bono oxide probably 
plays the same rSle m the boro sihcates as it plays m the boro tungstates, 
and alumma m the alumino sihcates Correspondmg with the basic pro- 
perties of the oxide, unstable compounds like the acid sulphate, B{HS04)j . 
phosphate, BPO4, etc , have been formed Most of the salts are hydrolyzed 
by water, dilute acids, and dilute alkahne solutions 

Perborates —When a mixed solution of borax and sodium hydroxide 
is electrolyzed, or treated with hydrogen peroxide, sodium perborate 
NaB03 4H20 IS formed— possibly Na0--0—B=0 The perborates act 
as strong oxidizmg agents 


3 2 Borax 


Manufacture —Borax occurs as a natural deposit— ftnea^—m the 
toed-iip inland lakes m some parts of India, Tibet, and Califorma— e a) 
the borax marsh’ m the Salme VaUey Native tmeal contains aboufJl 
66 per cent of borax proper Na^B^O^ lOHjO This is extracted 
im^atog the mass with water, and evaporatmg the clear solution until thtf 
cry^ separate Before 1870, mostof the boraxused in Europe wasmadi/* 
solution of boric a^ with the proper amount of 6odajish,l 
wher^s t^.borax now m commerce is usually made from native caloiS 
^,tes ^0 powdered mineral is boiled with a shght excesr'of^ 
aqueous solution of sodium carbonate Calcium carbonate is nrecinitatp.l' 
as a “ mud ” Ca^B Ai + 2Na2C03 ^ 2CaC03 + Sa + Sol 
On ciystalbzing the dear solution, crystals of bor^ aro^obtamell 
Carbon dioxide is bloivn through the mothei liquid to convert tb.^ 
rodium metahorato mto borax dNaBO, + co p n r 

The boiax separates m fine crystals, leaving sodium carbrmn.+fl n 
solution The residual “mud ’Ms compressed m a M 

the soluble matters it contams ® ^ remove]? 

The action of water.— 100 grams of watoi at lO" dissolve 1 6 grams ’ 
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of borax, Na-iB^O^ , at 60 ®, 10 6 grams , and at 100 ®, 62 6 grams. Tlic 
aqueous solution has a feebly alkaline reaction owing to h3'drolysis In 
concentrated aqueous solutions Na2B40^ + SHoO ^ ^NaBOj + ^H^BO- , 
and on further dilution, hydrolysis may bo practically completed NaBOj 
+ 2 EL ,0 ^ NaOH + H^BOg If a saturated solution be allowed to 
crystaUize above about 02°, octahedral crystals of the pontahydrate, 
NajB^O^ 6B[jO, separate , and if the temperature bo below this 
transition point ordinar3 monocbmc crystals of the deoahydrate, 
NogB^Oy lOHgO, oro obtained 

Titration of borax — A dilute solntion of borax may bo titrated with 
standard hydroohlono aetd until all the soda is neutralized and the bone 
acid IS all free, provided methyl orange bo used as indicator The 
reaction is NujB^Oy + 2 HC 1 + 6H5O = 2 NaCl + 4H3BO3 The boric 
acid has no effect on the methyl orange If the same amount of the 
standard acid bo added to the same amount of the borax solution, and 
phenolphthalein be used os indicator, the freed bone acid can be titrated 
as indicated previously In this manner, the amount of alkali, and 
the amount of bone acid in a sample of borax can bo determmed 

The acbon of heat — IVhon heated, borax fuses, loses u ater, and 
swells up into a white porous mass, owing to the expulsion of the water 
Einolly the borax melts to a clear gloss — borax glass — ^ivlnoh is anhydrous 
borax Like boric aoid, fused borax dissolves many colouring oxides, giving 
glasses with a charactenstic colour The borox “ beads ” us^ in flame 
testing are based on this fact Thus 

Table XbV — Colours of Borax Beads u ith some Metallic Oxides 


Motallio oxide 


Oxidizing flame 


Boductng flame 


Coppoc 

Cobalt 

Chromium 

Iron 

Nickel 

Manganese 


Qreon (hot) , blue (cold) 

Blue 

Qreen 

Yellow (cold) { brown (hot) 
Violet (hot) , yellowish 
brown (cold) 

Amethjst 


Colourless or red 

Blue 

Green 

Dirty green or oli\o. 
Grey and opaque 

Grey and opaque 


The dissolution of metalbc oxides m fused borax is supposed to be 
borax contoms an excess of acid anhydride - 
2NaB0jB203 Theumon of the metalbc oxide with the B, 0 , forms a 
metoborate Thus, with copper, NagB^O, + CuO = Cu(BOg), + 2 NaBO„ 
UsM —Large quantities of borax are used m the manufacture of 
enamels, glazes, and of optical glass, m preserving articles of food if its use 
IS not rratnoted by law , as a mild antiseptic for makmg lotions and 
omtynts, m the manufacture of soap, as a cleansing and stiffening 
agent in laundry rrork , for stifferang candle nicks , m makmg vamishra 
for met^ , manufacture of diying oils , with casern as a substitute for 
. ^m arable , as a ^ , and in soldering and brazmg Solder only adheres 
to clean metal surfaces, and molten borax will often dissolve the con- 
taminating oxides which prevent solder adhermg 
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§ 3. Boron. 

I 

Isolation of the element — ^The element boron is made by heating 
the oxide ivith sodium, or -with potassium, magnesium, or aluminium in 
a covered crucible B2O3 + 6K = 3 K^O + 2 B The fused mass is 
boiled -vnth dilute hydrochlonc acid, and a dark bro-wn powder of 
amorphous boron remains By using magnesium powder, H Moissan 
( 1892 ) made a sample of amorphous boron contammg 99 6 per cent of the 
element, and but 0 4 per cent of impurity Cryst^line boron can also 
be made as well as the amorphous powder By dissolving boron m molten 
alunumum at a high temperature, the solution on coolmg deposits crystals 
of boron The alunumum can be removed by boilmg the mass with a 
solution of sodium hydroxide The msoluble boron remains behmd in 
transparent yellow, or yellowish-brown (monochmc) crystals Crystalluie 
boron is alwaj s contammated with a little aluminium and carbon Some 
think that the alleged orystaUine boron is really a compound of alumimum 
and boron — ^AlBjj, or B4gC2Al3, for example 

Properties — ^Amorphous boron does not melt m the electric arc, 
but it volatilizes a little at that temperature It is oxidized by carbon 
monoxide and by ahea It is attacked by the oxy-acids, and by steam 
It IS said to be shghtly soluble in water, giving the solution a brown colour 
from which it is precipitated by acids and salts These facts make it 
probable that the solution is colloidal (p 264 ) Crystallme boron is 
not attacked by concentrated mtnc acid , and aqua regia attacks it but 
slowly Boding sodium hydroxide has no appreciable action, but fused 
sodium hydroxide dissolves it slowly, fonmng sodium borate and hydrogen 
Compounds with other elements —Boron bums to the tnoxide 
when heated to about TOO® m air, and when heated in mtrogen or ammonia 

compound is decomposed by steam 
= B(0H)3 -h NH3 The occurrence of ammonia and bone 
wid m the vapours of the soffiom of Tuscany has led to the theory that 
these compounds are denved from the action of steam on subterranean 
boron mtnde Boron combmes with carbon and sihcon at the tern- 
^rahire of the electnc arc furnace Carbon bonde, CB-, and sUicon 
bondes, S1B3, and S1B5, are very hard crystallme substances which in 
many ways ramble the diamond and crystallme boron and silicon Tliey 
^st attack by most chemical agents Metaihe bondes are formed bv 

the direct umon of the elements — ^Pt, Ag, etc at a bicrTi fAmTu. ^ 

^8, magne^m bonde, MggB,, more or less impure, is made by^on 

magnesium powder^ 6M?+ 
B2O3 — 3 MgO + SIg3B2 Calaum bonde in contact with water efvM 
hydrogen and hytogen bonde, and thus behaves unlike calcium LSSe 
which gives acetylene Boron also combmes with snlnhur fj-,,,.. . 

sulphide, B2S3 This compound is Tst mSbv 

wstaiia’Adrti 

Li contact with water, the sulphide is immeLS hJd^SJ 5 
boric acid and hydrogen sulplude B-*S 4- fiTT n forming 

For oompound, Jh tt% halo|„T»o 

Occurrence -Tte element does not ooeur tree m nature, but ,t occurt 
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as bono acid, also called Tuscany bone acid , tincal , boraoitc , and the 
complex calcium borates, already discussed, are the chief modes m which 
boron occurs m nature Bono oxide has been reported in sea water — 
0 2 gram per cubic metre It is al&o found in small quantities in soils, 
plant ashes, m some ivmes, etc 

Atomic weight — ^The combining weight of boron has been determined 
from the weight of water present in a given weight of crystalhne borax, 
NojB^Of IOH2O , and by the analysis of boron carbide, olilonde, bromide, 
and sulphide, etc The results ^ow that if oxygen be taken 16, boron 
has a oombmmg weight rangmg between 10 82 and 11 05 , the best 
representative value is supposed to be ii Dulong and Petit’s rule cannot 
be used because of the “ abnormal ” spcoifio heat of this element. Pig 212 
Several volatile compounds of boron are known, and the vapour densities 
of a number of these compounds lead to the inference that the number 11 
also represents the atomic weight 

History — ^Although mentioned m the early Latm writmgs on ohemistiy, 
it IS probable that the term “ borax ” did not then refer to the substance 
now called “ borax.” In 1702, W Homberg made bone ooid from borax, 
and called it sal sedahvum Baron, 1748, diowed that borax is a com- 
pound of Homberg’s sal sedativum and soda After Lavoisier’s work 
on acids, the term boracio acid was substituted for sal sedativum, and 
“ boracic acid ” was later abbreviated to “ bono acid ” J L Gay Lussac 
and J Tlienaixl isolated the element in a more or loss impure condition 
in 1808 


§ 4 Boron Hydndes, and Hahdes 

Boron hydndes — When magnesium bonde is slowly added to dilute 
hydroohlono acid at about 60° while a stream of hydrogen passes through 
the apparatus, the gases which are evolved, when cooled by liqmd air, 
furnish a white oiystallme sohd with the cmpinoal formula BH Aooordmg 
to A Stock (1913-16), this sohd is a mixture of venous boron hydndes, 
with silicon hydnde, carbon dioxide, and other impunties By fractional 
distillation of the product, tetraboron hydnde, B4H10. boihng at 16'’-17'’ 
under ordmary pressure, and a hexaboron hydnde, B5H12, boihng at about 
100° were obtamed The former decomposes at 100°, fo rming diboron 
hexahydnde, a gas boihng between —87° and —88° If the diboron 
hydnde is heated at 116°-120° for some time it forms decaboron hydnde, 
®io^i4» '''^bite sohd meltmg at 90 6° Three other hydndes have been 
o^med, but nothmg correspondmg with the triborene, B,H„ or with the 
BHg or B^ were noticed 

Boron tnhalides — All four halogens unite with boron to form 
tnnaliaes 


Condition 
Spocifio gravity 
Boiling point 


BF, 

Colourless gas 

—101® (melts 
-127°) 


BCI, BBr, BT. 

Colourlera liquid Colourless liquid White solid 
136(17”) 2 69 3 3 (60”) 

80 6” 210” (melts 

43”) 


The first three compounds can be made by the direct uraon of the elements , 
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and all four can be mode by heating an mtimato nuxtiu’e of boron tnosid( 
and charcoal in a current of the respective gas BoO, -(-.3C_:j:L.301q,== 
-SC O 4r. 2BCl3 „ Boron ohloiide and ftuonde can also be malde by tin 
respective action of hydroohlono or hydrofluoric acid ux)on boron, or oi 
bone oxide , say, by heatmg a nnxture of concentrated sulphuric acid 
calcium fluonde, and bone oxide BjOg + 6HF = 2BF3 -)- 3HgO A 
similar process "With sihca famished sihcon tetrafluonde, S1F4, but not 
sihcon tetrachlonde, SiG* This is probably due to the fact that boron 
tiichlonde is not quite so readily hvdrolyzed as sihcon tetrachloride by 
the water formed m the reaction Howevei, all the boron tnhahdes are 
hydrolyzed by water BF3 d- 3H; 0. = B fOHlg 3HF The hydrogen 
fluonde, so produced, unites with some of the unchanged boron tnfluondc, 
BF3, produemg a com plex monobasic acid — hydrofluobonc acid, 
HBF4, thus BFg + HF = HBF4 A senes of corresponding salts called 
borofluondes or fluoborates have been obtamed Correspondmg chloro« 
and bromo-borates have been reported Boron fluonde unites with 
ammonia formmg a senes of compounds BFg NHg , BF3 2NH3 , 
BF3 3NH3 , similar compounds are obtamed by the umon of BFg wth 
BH3 An excess of water is needed for the complete hydrolysis of the 
tnohlonde If but a small quantity of water bo used, a sohd hydrate is 
produced. 


§ s Aluminium— Occurrence, Preparation, and Properties. 

Occurrence — Alunumum, once also called alummum, does not occur 
free m nature, but its compounds are numerous and undely distributed. It 
comes thud, after oxygen and silicon, on Clarke’s hst Corundum, ruby, 
and sapphire are more or less impure forms of the oxide, AI3O3 , emery 
18 a mixture of iron oxide and corundum There are three recogmzed 
nature— flfibhstte or hyirargiUite, Al.O. 3H,0, or 
or Al30(0H)4.and diaspore, 

nlfitlP bauxite is used m rather a general way for 

native alummmm hydroxides contaimng the equivalent of sav fiO 70 

feino omde, titemc oxide, and sUica Some bauxites approximate to tho 

^ mixtures of the tnhy^ato and lower 
hydrates ^e bauxites are often classed os ferrugmous and non for 
rugmous double fluonde — cryolite AIF 3NaT? m iiic a 
278 , turquoise is a hydrated phospTate ' The /Lnara and n 

sidered it to be radioallv different for V j ^ ® Paracelsus con- 

.. not n,^. ;; ” 

was confused with hme until J H Pott i ooiTpus” 

^Uy an argillaceous earth , and in 17M A s" £^5 
that tho base is entirely different from lime proved clearly 

“alum » earth umted Sth sS ’ th^ 
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Isolation of the metal— After Davy’s jvork on potassium, wloium 
eto , many attempts were made to isolate the unknown element ^ alumna 
and F Wohler succeeded in reduomg anhydrous alumuuum oWoi^e, ^Clj, 
to the me^ty wanmng the ohlonde with potassium AICI 3 + 3K. — 3:^01 
+ A1 Wohler’s first experiments furnished a light grey metalho powdm, 
and It was not until 1845 that the compact metal was obtained The 
metal was at that time a “ chemical curiosity ” In 1866, aluminium sold 
at the rate of about £120 per kilogram, and m 1910, about £80 per ton 
H St 0 Deville, m 1864, reduced alummium ohlonde in quantity by means 
of sodium m place of Wohler’s potassium , H Rose, 1866, recommended 
the reduction of cryohte by so^um , and N Beketoff, the reduction of 
cryolite by mn|mpj»i nTti These chemical processes are not now used on an 
mdustnal scale 

R Bunsen isolated alumimum by the electrolysis of the fused ohlonde 
in 1864, and the result was con&mied by Deville in the same year 
A and E fi Cowles Bros., 1884, reduced alumina by heatmg it with 
carbon m an electric arc furnace The formation of alumimum carbide, 
AI 4 C 3 , mtroduced some practical difficulties The method was for a time 
more or less successfully employed m makmg alloys of alummium with 

copper The electric furnace was charged 
mth corundum, carbon, and metafile 
copper After the charge had been 
heated about five hours, a oopper- 
alummium alloy was obtamed The 
cheap production of alumimum was made 
possible by the discovery, by C M. Hall, 
in 1886, that a solution of alumina in a 
molten mixture of cryohte and some 
other fusible fluonde, say potassium 
fluonde, is an electrolyte, and, when 
electrolyzed, alumimum collects at the cathode, o^gen at the anode 
Patents by C S Bradley (1883-1891), P L, T H 6 roult (1887 et seq ), and 
many others embodied ideas more or less valuable, and, as a result, alu- 
mimum can now be made cheaply on a laige scale Eleotroljd/ic processes 
lore practically the only methods used for the preparation of alumimum 

Heroult’s electrolytic process for aluminium — In this process the 
electrolyte is a solution of^uxitejn. fusei^ryphte The “ electilolytio 
cell ” IS a rectangular iron box (about 8 feet long and 6 feet wide) fens 
cell ^Fig 224 is,connectcd with tlio electric generator so that the iron box 
itself serves as the cathode The anode, or rather anodes, is a set of about 
48 carbon rods (3 mches diameter and 16 mches long) arranged in tliree or 
four rows and suspended from copper rods connected with the other pole 
of the generator Tlie resistance of the electrolyte to the current gives 
enough heat to keep the mass fluid The hquid metal sinks to the bottom 
of the cell, whence it is “ tapped ” from time to time The oxygen evolved 
at the cathode either escapes as a gas or umtes with the carbon to form 
carbon monoxide which either bums or escapes. The process is oontmuous 
for fresh supplies of bauxite are added when needed The resistance of 
the bath increases when the alumma wants replemshing , and this causes 
a lamp shunted off the mam oiicuit, to glow This tolls the workmen 
that a fresh charge of bauxite is needed. 



Fig 224 — ^H^roult’s Aluminium 
Furnace (Diagrammatic) 
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Altliough clays usually conta.m tlie equivalent of 20 to 36 per cent 
of alumina, no method is knoim for separating silioa from the alumina 
cheaply enough for use on a manufacturmg scale It is necessary to use 
a faidy pure hausite for the process, otherwise the metalhc aluminium 
ivill be senoudy contaminated with impurities. Apart from the cost of 
the electncal energy, the purification of the raw bauxite is the most 
costly item m the process Native bauxite is usually too impure to he 
used without a prehmmaty punfication to remove the iron, titamum, and 
silicon oxides. 

Punfication of hamate — The bauxite may he fused with sodium 
hydroxide or sodium carbonate AljOj + SNboCOj — > 2AI(ONa)3 -J- SCO,, 
and the cold mass extracted with water , or bettor, the bauxite may be 
roasted at a low temperature to convert the ferrous oxide mto feme oxide, 
and then digested with a solution of sodium hydroxide in iron kettles 
under pressure Al(OH)3 -f- 3NaOH = Al(0Na)3 + 3BUO The aluimna 
IS preciptated from the solution by C J Baeyer’s process, 1887, namely 
by agitetion with a httle alumunum hydroxide, when the alummium 
hydroxide separates from the solution until the ratio AloOj Na,0 
18 about 1 6 The alummium hydroxide can also be precipitated 
by passing carbon dioxide through the solution 2Al(ONa)3 + 3CO2 + 
3H,0 = 2A1(0H)3 + 3Na2C03 Tie alumimum hydroxide in either case 
IB washed, dried, and ignited. 


Properties — ^Alummium is a bluish white metel capable of taking a 
high pohsh The dull surface usually seen on the metal is an effect of a 
superficial film of oxide Alummium is lighter than most metals, its 
specific gravity is 2 6, and therefore it has nearly the same specific gravity 
as glass, and one-third the specific gravity of iron The metal is ductile 
and malleable at 100° to 150° With frequent aimeahng it can be rolled 
mto sheets, wire, and foiL Alummium is not very tenacious, at 630° 
it IS so friable that it can be pulvensted It is a good conductor of heat 
and electncity Aluminium melts at about 657° , and boils at 1800° 

Alummium remains practically unaltered m dry air, while in moist' 
air and m bodmg water, a superficial film of oxide seems to protect the 
metal from farther action Even at 700° to 800° it oxidizes but slowly , 
at higher temperatures it bums brilliantly with the evolution of much heat 
^ virtue of its intense electropositive character, alummium is a powerful 
reduomg agent / Alummium ^lowder when lUtimatelyjruxed-wi^ inany 
°^etajlis.^ p hidau ir »o»defc=-Jianganese, chro mium . ..tnng8ten. uramuTn, 
irouj .fits.=:*long.OTth_SQme -flux,..^v..^uoispar.^whenLjgni ted, 

osags or ^ jiludestothe metal Eg with pyntes, it forms alumimum 
sulphide and metalhc iron The mixture becomes very hot durmg the 
reaction and a temperature of 3000°-3500° is sometimes attamed The 
n^t of this reaction can be utihzed for softemng and weldmg iron rails 
Heel ca^gs, etc , where an mtense local heat is needed The rails to 
be welded are packed m a mixture of iron oxide and alummium powder 
together with a special cement to make the mass compact When the 
mass K i^ted, it buros and heats the rails to a temperature high enough 
metals together The mixture of alumimum powder with 
^nous metalhc oxid^ is sold as “thermite,” and the proSss is callS 
H. ^Idschnudt s or the alununothenmc process 

AIuminmm..when4ieatM.Tvitk&eJaloge^ 
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because alutmmum unte though thicker than copper for a given conduc- 
tiniy IS not so heavy and does not strain the supports so much Aluminium 
IS used as a reducing agent in the production of certain metals— chromium, 
etc — and m the manufacture of “ thermite ” The formation of oxides 
the melting of many metals is prevented if a little alumimum he 
present, hence alumimum— 0 16 to 0 05 per cent — is commonly added to 
molten steel as it comes from the Siemens-Martin’s, or Bessemer’s furnace 
liuB enables castings to be made more free from “blow holes” 
Alumimum is difficult to soldei, and therefore the parts of large articles 
are commonly welded together by a utog enous soldering 

§ 6 Aluminium Oxide and Hydroxide 

Three hydroxides of alumimum occur m nature, and they can be 
represented graphically, though empmcally, by assuming that aluminium 
IS a triad, and that alumma, or corundum, is approximately AljOg, or, 

0=A1^1=0 o^Al2<g| 

0 

Corundum — Diaspora — 

AljOj ' AJjO.(OH)s 

The gelatinous precipitate which is obtained when ammoma oi an 
alkaline carbonate is added to a solution of an alumimum salt, is a 
colloidal alummium hydroxide — ^AllOHlj — and it contains more or 
less absorbed water, AIOI3 + 3NH4OH — Al(OH)3 -J- SNH^Cl The curve 
obtained by measuring the rate at which the gelatinous hydrates lose 
water on a rising temperature does not show, in a convincing manner, the 
transition from one hydrate to the other Alumimum hydroxide can he 
obtained in the sol (hydrosol) condition by dialyzing an aqueous solution 
of alumimum chlonde, or a solution of freshly precipitated alumimum 
hydroxide m aluimmum chloride or alumimum acetate , and m the gel 
(hydrogel) condition by addmg some coagolatmg salt as indicated on 
p 387 Freshly precipitated alumimum hydroxide dissolves easily m acids 
and in alkahne hydroxides K the precipitate has stood a long time 
under water, or if the precipitate be dried, it dissolves very slowly in 
these reagents 

When alumimum hydroxide is precipitated m a solution containing a 
colounng matter, the latter is simultaneously precipitated, and the 
aluminium hydroxide with the absorbed colounng matter is called a 
lake Advantage is taken of this property m dyemg cloth The alu- 
numum hydroxide is first precipitated in the fibres of the cloth, and the 
fabnc 13 then immersed m the dye, and some of the dye is fixed by the 
alumimum hydroxide m the fibres Hence, alummium hydroxide"^ is a 
mord^ agent or mordant Dyes which stain the fibres directly need no 

Alumimum hydromde as a basic oxide —Alummium bydioxido 
^arnphotemUor it exhibits both feebly acidic and feebly basic properties 
The existence of salts like alumimum chlonde, alumimum sulphate etc 
IS evidence of the basiocquahties , and the feeble basic qualities k the 


HO. ^ OH 
HO^"2<oH 

0 

Bauxite — 
A1.0(0H)4 


/OH 

AlfOH 

^OH 


Gibbsito — 
Al(OH), 
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hydroxide is indicated by the foot that salts with the weak aoids— ■ 
carbonic, hydrosulphnnc, and sulphurous acids — do not exist in aqueous 
solution y 

Aluminium hydromde as an acidic made — ^The feeble noidio' 
properties of aluminium hydroxide are evidenced by the solubihty of the 
hydroxide in alkahes and by the formation of salts — alummates — ^with the 
strong bases. Hie hydroxide H 3 AIO 3 is called orthoalummic acid wheiy t 
IS desired to emphasize its acidic nature The corresponding salts, 
A 1 ( 0 H)( 0 M') 2 » A1(0H)„(0M'), are orthoaluminatcs Al(OH )3 + 3NaOH 
= Al(0Na)3 + 3 H 2 O , A1(0H)3 + NaOH = AlO(ONa) + 2 H 2 O These 
compounds remam behmd when the solutions are evaporated to dryness 
They also separate when alcohol is added to the solutions. Solutions of 
the alummates furnish precipitates of the respective alummates when 
salts of the alkahne earths are added 2 NnA 102 + CaQj = Ca(Ai 02)2 
+ 2Na01 Salts correspondmg with NaAlOj are considered to be drived 
from the acid HAlOj, called meta-aluminic acid, which corresponds with 
the ortho acid less one molecule of u atcr Tlie mmerals spinel — hfgO AUOg, 
or magnesium meta alummate, Mg(A 102 ) 2 — chrysoberyl — BeO A 1203 , or 
beryllium meta alummate, Be(A10y)„ , galimte — ^ZnO AI 2 O 3 , or sane meta- 
aluminate, Zn(A 102 ) 2 — are supposed to be meta alummates which can bo 
represented by the graphic formulic 


K0-A1=0 JIS<oI;a1~0 


Be< 


0 — A ]=0 
0 — A 1=0 


Zn< 


0— A1=0 
0— A1=0 


Potassium 
' meta alummate 

V 


Spinel 


Chrysoberyl Gahnito 


■’ Alummates — The alummates are not very stable Tlieir aqueous 
solutions are strongly alkahne on account of hydrolysis. They are decom- 
posed by carbon dioxide with the precipitation of aluminium hydroxide 
2NaA102 + CO 2 + 3 H 2 O 2A1(0H)3 -j- NojCOg Ammonmm chlonde 
produces a similar preciptate owmg probably to the immediate hydrolyaia 
of an unstable ammomum alummate Al( 0 Na )3 + 3 NH 4 CI ^ A 1 ( 0 NH 4)3 - 1 - 
SNaCl , which is completely hydrolyzed by water Al( 0 NiB[ 4)3 + 3 H 2 O ^ 
3 NH 4 OH A 1 ( 0 H) 3 . The aluminium hydroxide so obtomed is a pul- 
verulent powder not gelatmous like that precipitated from the acid solution 
of alummium salts , it is also much less readily dissolved by acetic ocid- 
The alumma of commerce has usually been precipitated from sodium 
alummate, and it generally contains some sodium carbonate due to the 
imperfect washing of the precipitate 

It IS mterestmg to note that “ mtermediate oxides ” — ^that is, oxides 
which can act both as acids and bases — ^must necessarily have both pro 
perties feebly developed because, m the language of the ionic hypothesis, 
the aoidic and basic qualities depend on the presence of H and OH' 10 ns, 
and both 10 ns caimot be present in very great concentration in the same 
solution, owmg to their tendency to umte and form water 

Aluminium oxide. Al^O^ — Alummium oxide, or alumina, occurs in 
nature os colourless crystallme corundum , and tmted with vanous metallic 
oxides as ruby, sapphire, amethyst, emery, etc Alumina is prepared as a 
white powder by the igmtion of alumimum hydroxide, alummium mtrate, 
or ammoma alum Alumma fuses at about 2000® Alumma is prepared 
in a orystalhne condition Jiy strongly beating a mixture of alummium 



BORON, ALUMINIUM, AND RELATED ELEMENTS G37 

flliondo and bone oxide 2AIPj -{- B^Og = Al^jOg + 2 BE 3 Artificial 
rubies have been made by heatmg alumina mth chromic oxide and bone 
oxide The latter acts as a flux and gradually volatilizes leavmg belund 
the orystalhne artificial “ gem ” When alumina is heated above about 
800° an exothermal change takes place, the alumina changes m some 
■way, for it then becomes almost insoluble in acids , its specific gravity 
rises rapidly from 2 8 to 4 0 , and other physical properties change at the 
same time The change is supposed to be due to the formation of an 
allotropio modification of alumma. Similar remarks apply to the effects 
of high temperatures on feme, chromic, and many other oxides When 
heated with reduemg agents — ^potassium, sodium, calcium carbide, etc — ■ 
alununa is reduced to the met^ Bauxite is used in the manufacture of 
the so called “ bauxite bneks,” and for linin g the bed of basic open hearth 
furnaces Fused bauxite or fused alumina is manufactured, sold as “ alun* 
dvnn,” “ diamantme,” etc , and used m the manufacture of abrasive and 
refractoiy matenals. 


§ 7 Gallium, Indium, and Thallium. • 

Tlie rare metal gallium, Ga, -was discovered by Iiecoq de Boisbaudran 
m 1875 while studinng a zme blende from the Pyrenees, and named aftei 
Gallia, the Latm name of his country Indium, In, is another rare metal 
discovered m 1863 by T Reich and F Richter m a zinc ore from Freiberg 
Both elements were chscovered by the spectroscope Tlie spaik spectrum of 
galhum contams two violet hues, and mdium has a characteristic bright 
indigo blue Ime Tlie latter element was named from its prominent indigo 
spectral Ime Galhum and mdium metals are readily attacked by water, 
although indium slowly decomposes water at ordmary room temperatures 
GaUiua and mdium are attacked by mtrio acid, whereas alumimum under 
the same conditions appears to be passive Galhum and mdium are related 
to alummium much as zme is related to magnesium Alummium, gaUium, 
and mdium form oxides RjOj The hydroxides R( 0 H )3 have weak 
acidic and basic properties All three elements form well-defined iso- 
morphous ammonia alums. Unhke gallium ohlonde, GaCJlg, and alummium 
chloride, AlCJlg, mdium chloride, InClg, can be obtamed by the evaporation 
of the aqueous solution at 100° with relatively little hydrolysis All 
three elements are trivalent, but mdium also forms three chlondes InOl 
InCIj, and InOlg ’ 

Thallium, Tl, was discovered by W Crookes m 1861 while studying 
toe flue dust from a sulphuric acid chamber at Tilkerorde (Hartz mountams) 
Thallium occurs associated with pyrites m zmo ores, and in the mineral 
ciroolestte, a copper selenide contammg 16 to 18 per cent of thalhum 
and 3 to 6 pet cent of silver Thalhum was discovered by the i^ctro- 
^pe Its spectrum has a characteristic green Ime— hence its name is 
uenved from the Greek floWeJs (thaHos), a green twig The physical 
pro^rties of the metal closely resemble lead, and its compounds are 
reiat^ to alumimum, galhum, and mdium, much as gold is related to 
mereury to zinc and cadmium Thallium forms a 

Sic somewhat like the 
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§ 8 The Relationships of Boron-Alummium Family 

Tlie variations in the physical properties of these five elements mth 
moreasing atomic weight is mdicated in the followmg table j 


Table XLTI — Properties of the BoROV-ALHstiMnsi Famiti 



Boron. 

Alumimum 

Galbum 1 

1 Indium 


Atonuc weight 

11 0 

■fH 

69 9 

114 8 

; 

204 0 

Specific sravit\ 

2 45 


59 

7 4 

118 

Atonuc volume 

46 


11 8 


17 3 

Meltmg pomt 

2200® 

667® 

30® 

176“ 

286® 


With the exception of boron and alnmtmnm, the elements of tins senes 
are scarce and rare The non-metallic characters predominate in boron 
Bone oxide exhibits very feeble basic properties The basic proxierties 
of the elements morease, and the acidic properties decrease with increasing 
atomic weights nntil thalhnm is reached. The trichloride, TICI3, for 
instance, is partially hydrolysed by water When thalhnm is tnvalent, 
its compounds resemble the other members of the group , but when 
nmvalent, thalhum behaves hke silver and the alkah metals Tballmm 
itself resembles lead. 


§ 9 Scandium, Yttnum, Lanthanum, and Ytterbium 

ScandiTun, Sc Yttnum, Y Lanthanum, La (Neo) Ytterbium, Yb 
Atomic weight 44 1 89 0 139 0 172 0 

The four rare elements, scandium, yttnum, lanthanum, and neo ytter- 
bium, are related to the alummium family They are all triad elements 
Their oxides are all of the type E 2 O 3 , and their halogen compounds 
RCI3, etc The hydroxides are all basic and insoluble in 
p alkahne hydroxides The basicity mcreases in passmg from 
I Eoandiom to ytterbium. Scandium, for example, is a veiy 
weak base, wlule lanthanum forms the hydroxide, with the 
^ ^ evolution of heat, by the direct action of water on the oxide 
I Ga All the elements form stable carbonates , the hahdes are non- 
Y 1 volatile, and are but sbghtly hydrolysed by water They form 
La 1 with the alkah sulphates, 

1 Gd compounds are not alums A. von Welsboch (1906) 

yb I G TJrbam (1907) found that what was previously considered 
T1 to be ytterbium is really a mixture of two elements— ytterbium 
proper or neo ytterbium and a new element, called by 
Urbam, luteaum— from LuUee, an old name for Pans Lutecium has an 
atomic weight of 174. The relations between these elements and the 
alummium family are often emphasized by the scheme shown m the mniyn. 


Questions 

1 lyhat ^igbto of soi^, zme, and alununium respectively would be re 
qniied to yield 168 litrM of hydrogen measured at N T F 7 (Na = 23 . Zn = 
05 4, Al=27 ) — Aberdeen Vmv 
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2 Give tho preparation of pure aluminium oxide from bauxite and work 
out a aimilar method for prepanng potassium chromate from chrome iron ore — 
Amherst Call , V S A 

3 Wnto tho formula: of the chief “ alums ” knoivn Pomt out their characters 
as a class State and explam tho pnnciplo they illustrate — London Untv 

4 Compare the oxides of chromium mth those of iron, of sulphur, and of 
alaimiunm — Massachusetts Inst Technology, USA 

5 Mallet determmed the atomic -weight of alummium (1) by estimatmg tho 
hydrogen evolved by the action of caustic soda on the metal, when 5 2632 grams 
of alninimum gave 6 2662 grams of -water , (2) by analysis of the bromide, when 
8 6492 grams of the bromide required 10 4897 grams of metalhc silver for pre> 
cipitation Required the atomic -weight from (1) and (2) (Ag = 107 66 , Br = 
79 75 , 0 = 16 96) — Science and Art Dept 

6 Pomt out without using symbols the most marked features of resemblance 
and of difference m tho chemical behaviour of the metals iron and alummium 
and of their compounds — Cambridge Senior Locals 

7 At 180“ potash alum loses 43 67 ixsr cent of water Point out the signi* 
ficance of this fact m deciding between the formula: Al£(SO 02 12HsO, and 
A1-K:(S0|)4 24H-0 — London Untv 

8 What is the composition of borax and to what class of salts docs it belong T 
Mention some examples of other salts of similar composition IMist is tho action 
of a solution of borax on htmus 1 — London bntv 

9 Into what classes can the foUovnng oxides be placed -with reference to 
thou behaviour towards acids and bases — calcium o-vidc, alumimum oxide, 
manganese dioxide, sulphur tnoxido, mtrogen pero-xide t State tho reasons for 
your classification, — London Vntv 

10 MTiat IS an alum 1 Give tho formulm (a) ammonia alum, (6) potash alum, 
(c) chrome alum, (d) iron alum Describe tho prcmaration of a specimen of any 
one What is tho action of heat on (a) t — London tlniv 

11 1\Tiat metals arc capable of yieldmg alums, and what do >ou mfor from 
these facts as to the mutual relations of these metals T — Board of JEauc 



CHAPTER XXXIY 


The Platinum Metals 


§ z Review of the Plahnum Metals 


The “ platinum motala ” include platinum, Pt , indium, Ir , osmium, Oa , 
palladium, Pd , rhodium, Rh , and ruthenium, Ru They occur in a 
metalhc condition in gravels and sands associated together as mivturos 
or compounds along ivith magnetite, gold, chromite, etc , pnncipally 
in Ural and Caucasus (Russia), and in smaller quantities in Cahfomia, 
Sumatra, New Granada, Braml, Australia, etc The platiraforous sands 
and gravels are noshed os in the ease of alluvial gold “ Platinum con- 
centrates” consist of rounded grains or flattened scales contaimng 
approximately the folloivmg percentage composition 

Platinum Indium Hliodium Palladium Gold Copper Iron Osmindium Sand 
76 4 43 03 14 04 41 117 06 14 

The osmtrtdtum is a native metalhc alloy containing approximately 

Platinum Indium Rhodium Osmium Ruthenium 
101 62 6 15 27 2 69 


mth traces of palladium, copper, and iron 

The metals are greyish white and lustrous They all melt at a high 
temperature They are not opted on hy air or oxygen at ordinaiy tem- 
peratt^ Osmium alone bums when strongly heated, forming the 
tetromde OsO^ , the others are scarcely affected, chemically, at any 
temperatoToi^ Palladium dissolves m hot mtric aoid, but the other metals 
are soarcely affected by hot acids Aqua rcgia attacks osmium, forming 
osmium tetroxido, OaO^ , p latinum forms the totraohlondo, PtCl. , 
ruthemum is dowly dissolved, wmle indium and rhodium are not appreciably 
attacked. The metals are readily reduced from their compounds, which 
foot probably accounts for their oocurrenco free in nature. The metals fall 
naturally into two groups with nearly equal molecular weights The light 
pfaftnum Tnelala inolude ruthenium, rhodium, and palladium , the heavy 
platinum me/als molude osmium, indium, and platinum Palladium is 
rela^ mth silver, and platinum with gold, os indicated m Table XLVH 
(P 64:1) 

Extraction of the metals — Tlic gold can be removed from the 
platinum concentrates by the amalgamation process About 1800, the 
platm^, contaminated more or less with other metals, was ostracted hy 
^ smelting process , to day, a wot process is used Details of the process 

^ general way it may be said that the concen- 
trates are digested with aqua regia The insoluble residue oontams sand 
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and osmindium 0$miiini_and rathemum form volatile oxygon compounds^ 
which can bo easily removed from the solution by distillation I\T.ien tlio r 
solution of crude platinum in aqua regia is treated with ammonium,, 
chloride, a precipitate contaimng platinum and indium compounds is| 
obtained from which the metals are obtained by igmtion The mother; 
liqmd IS worked over for palladium and rhodium The further separa ^ 
bon of the platmum metals from one another is a difficult and labonousU 
operation because the properties of the metals are so much ahke , and^ 
because the behaviour of the salts of one element is modified by the? 
presence of others Thus, mdium does not dissolve m aqua regia, butu 
if mdium be alloyed with platmum, some mdium passes into solution 
when the alloy is digested in aqua regia 


TaBUB XL^^I — PnOPEBTlES Ol THE Pn.lTlSUM Metai^ 



Light 

Heavy 

Ru j 

Rh j 

Pd 

1 Ag 

1 

Os 


pt 

Au 

Atomic weight 


103 0 

106 0 

107 88 



104 8 

196 7 

Specifio irravitv 

12 26 

12 1 

11 9 

10 6 



21 46 

10 31 

Atomic volume 

83 

86 j 

80 

10 1 

Kb 

1 8 6! 

9 1 

10 1 

Molting point 


1660*1 

1649“ 

962“ 

2300“ 

1 2000“ 1 

1766“ 

1064“ 

Boilmg point 

iTwutfl 

2760* 

2820* 

1966“ 

2960“ 

1 2860“ 

2660“ 

2200“ 

Valency 

3, 8 

2. 3. 4 

2,4 

1,2,3 

2,3,4, 8 


2,4 

1, 3 


History — ^There is supposed to be a reference to platmum m Phny , 
under the name “aluta ” The term “platma del Pmto” for a white metal 
resombhng silver, has been for a long time m general use by the Spamards 
in South Amenca “Platma” is the dimmutive form of the Spanish^ 
plate, silver, and “Prato” has reference to the river where it was dis-' 
covered. At one time its export from South America was forbidden by the, 
Spanish Government, who ordered it to be thrown mto the sea to prevent! 
Its being used for adulteratmg gold In 1788, the Spamsh Government! 
bought it for about 8s per lb , presumably for adulterating gold It is^' 
now worth over £100 per lb Platma del Prato attracted the attention! 
of Antonio de UUoa at Choca (Columbia) in 1735 It was brought to' 
Europe m 1735 by C Wood, and E Watson desonbed its properties m 1760 ^ 
It attracted much attention at the time Before 1823, most of the platmum i 
in commerce came from South Amenca Platmum w'as discovered in Ural) 
in 1819, and m 1824 Russia began exporting platinum , since that timej 
most of the platmum of commerce has come from that source 

Osmium and indium were discovered by S Tennant, 1802 to 1803 
rhodium and palladium by W H Wollaston, 1803 to 1804 , and ruthe- 
nium by A Claus m 1845 All these metals were found dunng the study 
of native platmum “ Osmium ” is named from the Greek bVu» (osme) 
a smell, “mdium ” is named from the Greek tp,s (ms), arambow from 
the va^g tmt of its salts , “ rhodium ” is named from the Greek i6doy 
IKKlon), a rose, from the rose-red colour of its salts, “palladium ” is 

PaU^, discovered the same year as palladium, 
iwz , ruthemum is named after riUh&i, for Russia 
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§ 2 The Chlorides and their Complex Acids 

^ Platinum tetrachloride, PtCl^ — Platinum dissolves in aqua regia 
If the solution be evaporated to dryness, and the residue gently heated, 
a solution of the residue in hot uater deposits reddish broivn crystals 
of PtCl^ SHjiO on coohng The anhydrous chloride, PtCl^, can bo made 
by drying the crystals over sulphuno acid and warming them in a current 
of chlormo The tetrachloride decomposes mto the metal and chlonno 
at about 690® Chlondes of all six platmum metak of the type PtCl 4 
are known. Palladium tetrachloride is not known m a free state, but 
double chlorides with potassium, etc , are known 

Chloroplatmates — platmum cMonde be crystalhred from a solution 
acidified with hydrochlonc acid, or if an aqua re^a solution of tho 
metal be ovapond^ a number of tunes with "aSnixcess ofTiydrodhlOric ■ 
aoid~l6“dnve oS the mtnc acid, reddish brown' deliquescent piystals of 
tho complex acid OHoO are formed This substance— tho 

“ platmum chloride ” of commerce — ^is really hydrochloroplatmic acid 
The acid is dibasic, and it forms a characteristic series of complex'dalts^' 
tho ohloroplatmat^ Potassium chloroplatinate, K^PtClg, for example, 
is a yellow orystaUme precipitate made by addmg the acid to a solution 
of potassium ohlrnde While the solubihties of tho normal alkali chlondes 
111 water increase m passmg from hthium to csesium, the chloroplatmates 
decrease in solubility m passmg from hthium to csesium For mstanco, 
100 0 c of water at 10® di^lves, in grama 

Li.PtOI, NajPtOl, KjPfcCa, RbiPtCa* Cs-PtOlg 
Very soluble 1 10 0 90 0 16 0 06 

Tho solubihty of ammonium chloroplatmate, (NH^loPtClg, is 0 G at 10°, 
and it thus comes between potassium and rubidium chloroplatmates. Tho 
fact that tho sodK.m salt is fairly soluble m 80 per cent, alcohol, while 
tho potassium salt is almost msoluble, enables a mixture of the ohloro- 
platmates of sodium and potassium to be separated The ammomum 
(Salt behaves liko tho potassium salt During tho electrolysis of ordmary 
fsalts — silver nitrate, potassium chlonde, etc — the metal is deposited on 
nhe cathode , with the chloroplatmates, tho platmum is deposited on tho 
anode Agam, silver nitrate precipitates AgoFtClg, not AgOI, thus oon- 
firmmg the deduction that “ PtC3g ” is a bivalent complex aoid radicle or 
that tho solution of tho acid furnishes tho ions 2IL and FtC9(^ on electro 
lysis Tho constitution of the chloroplatmates will be discussed later 
Platinum dichloride, PtClg — If hydrochloroplatmic acid be heated 
between 260® and 300®, it funushes grey granular powder of platmum 
dichlonde, PtCl^, insoluble in water , at higher temperatures, it decom- 
IHjses mto platmum and chlorme Platmum dichlonde is also formed 
when platmum is heated to about 682® m chlorme gas All six metals 
of the platmum senes form salts of the type Ptdj Palladious iodide, 
Pdlj, IS precipitated as a black msoluble powder when potassium iodide 
IS added to solutions of palladious chlonde. This reaction is used sometimes 
for the separation of lodme from the other halogens, smee the other halogen 
salts of palladium are soluble Carbon monoxide umtes with platmous 
chlonde formmg carbonyl platmous chlorides, CO Ptd, , 2CO Ptd, , 
3C02Ptd2 >2.2. 
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Chloroplatimtes — ^When platinum dichloride is digested -mUi hydro- 
ohlonc acid, it furmsbes a roddisb-brovm solution -winch is supposed to 
contam hyirochloroplatmous acid, H2PtCl4 Tlio acid has not been 
isolated, but the salts — chloroplatimtes-^are formed by treatmg the solu- 
hon -with, say, potassium chlonde Potassium chloroplatimte, K2ptCl4, 
forms rose red crystals The same salt is formed by reducing potassium 
ohloioplatmate -with moist cuprous chlonde, CuCl Potassium chloro- 
platimte is used m platmum pnntmg m photography This chloride 
18 reduced to metallic platinum by ferrous oxalate. Palladium forms a 
amilar senes of chloropalladites 

Platmum-ammonia compounds — ^The platmum metals behave m a 
pe cnhar manner mth a mm pma Thus, -when ammoma is added to a 
solution of platinum te^cmonde, PtCl4, m hydroohlono acid, a green 
precipitate is formed K the mixture be boiled, a green msoluble compound 
PtCl, 4NH3 -f- HoO, called Magnus’ green salt, is formed and PtOU 2NH3 
remams m solution If the precipitate be heated to 260 °, a yellow ciystal- 
hno substance sparingly soluble in water is formed, PtClj 2NH3 Both 
compounds can be oxidized -with chlorine to PtGl4 2EH3 These two 
compounds may be taken to represent two well defined senes of platmum 
ammoma compounds One series is denved from PtClj and the other 
from PtCl4 These -wdl be discussed very shortly 


‘ # V t ^ 

§ 3 The Oxides and Hydroxides. ///^ , 

Wlien a solution of potassium ohloroplatimte or of platmous chlonde 
IS treated with an alkahne h3rdroxide, platmous hydroxide, Pt(OH)o» 
18 precipitated as a black powder It is soluble in the haloid aoids-^ 
hydrooldono and hydrobromio acids — and m sulphurous acid, hut not 
in the other o-^-acids, and thus forms the corresponding platmous salts 
The hydroxide is decomposed into the metal and platm-um dioxide, 1 
^2, by boihng alkalmo hydroxides 2 Pt(OH )2 = PtOg -j~ Pt + 2H2O ' 
lyhen gently ignited, platmous hydroxide forms the corresponding 
platmous oxide, PtO, as a dark po-wder msoluble m -water and m most 
acids It IS doubtful if IrO has b^n mode 

When a boihng solution of potassium hydroxide is added to a solution 
of platmum tetrachlonde, and the precipitated platimc hydroxide, 
Pt(OH)4, washed with acetic acid to remove the potash, a yello-wish 
^wder 18 obtamed which dissolves m acids, fonmng platmic salts, and in 
h^s fonmng a senes of salts called the platinates For instance, -with 
sodnm hydroxide, yellow crystals of sodium platxnate, NajO SPtOj 6H,0 
am obtamed Hence platimc hydroxide is an acidic and a basic compound* 
^atuuo hydroxide, Pt(OH)4, is a type of similar compounds formed by 
tno whole SIX of the platmum metals The hydroxides when heated form 
oarfc grey powders of the dioxide— e g PtO,, BOo, etc 

Ruthemum, osmium, indium, and rhodium form sesquioxides RvuO • 

^ ’ ^^^3 Buthemum and osmium foim compounds oorresnond- 


Ttrac oomponnds isiptMMit the highest known rtite of omdatira ot am 
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single metal The nearest npproaeh to tins state of oxidation oeonrs 
with perohlone and permanganio acids The totroMdes dissolve in water 
but the solutions are not aoid ( 1 ) they are neutral to litmus , ( 2 ) do not 
dceompose carbonates, and (3) form oi^'stalhno salts The acids sliow 
no signs of hydrolysis The term “osmic acid” for osmium tctroxide 
IS tlius a misnomer Both tetroxidcs, RuO^ and O 8 O 4 , melt at a low 
temperature, about ^-40®, and boil at about 100 ° giving irritating wpours 
Osmium tetroxido vapours arc lery poisonous, and seriously injure the 
eyes They decompose on further heating into the dioxide and oxygen 
^e solutions are reduced by organic matters and tlie finely divided metal 
IS precipitated. 






§ 4 The Properties and Uses of Platinum 


Platinum is a greyish uhito metal with a brilliant lustre It is harder 
than copper, silver, or gold ( It is ductile and malleable, and usually comes 
on the market in the form of foil or ivire. Platinum has also the \ aluablc 
quality that it softens like iron before molting, so that like iron it can 
bo Molded PHtinum melts botMcen 1760“ and 1766“, and boiLs at 
about 2460° Platinum and rhodium do not volatilize appreciably 
at 900°, but at 1300° volatilization can bo detected Appreciable 
quantities of the metals palladium, indium, and ruthenium volatilize nt 
900°, and nt 1300° the effect is very marked Iridium is readily oxidized 
to a volatile scsquioxide when heated just below 1000 “ , but it is doubt- 
ful if platinum is oxidized below 1300° Molten platinum, like molten 
silver, absorbs oxygen which is given off ns the molten metal cools, 
hence it is hable to “ spittuig ’’r' jMatmum is n ot ott^kodJiyjurqJiydnj 
fluoric, hydrochlonc, nitnp, and sulphuric acids. It is rwidilj^issolvcd 
byliqu^ regia and by solutions containing clilonnc, see ‘IGold.” IVlien 
platinum is alloyod^Muth silver, copper, lead, zinc, etc , it is attacked and 
partly dissolved bv nitric acid, probably forming a platinum nitrate 
"' 1 ^ The high fusmg temperature, and the fact that platinum is not attacked 
by air and strong acids enables it to bo used in the manufacture of 
apparatus— dishes, crucibles, stills, etc — ^for many chemical operations 
which could not be readily performed with apparatus mode from other 
available metals The unfortunate steady advance in the price Mull lead 
to tlio use of gold crucibles for many purposes The analysis of many 
minerals could not be so readily conducted as at present if it were not 
for the valuable qualities of platinum Blatinumia attacked Jiy alkahcs,.. 
nitrates, oyamdes, and phosphates under reducing condilaons With phos- 
phorus it forms platmum phosphide , Mith sulphur, platmum sulphide, 
PtS , with sulphur and dry alkali, platinum disulphide, PtSj , with 
arsenic, platinum arsenide, PtjAsj An arsenide call^ sperryltte, PtAs„, 
associated anth nickel sulphide occurs at Sudbury (Ontario) Platinum 
also alloj's directly with metals like lead, silver, zinc, etc , but not mercury 
^ence platinum crucibles must not be heated ivith these metals Carbon 
^lloys with platmum forming a bnttlo platinum carbide, and hence 
1 platmum crucibles must not bo heated 111 smoky flame 

Blatinum has nearly the same ooofBcient of expansion os glass, and 
platinum* M'lfes 'can bo fused m gloss so os to moke gas tight joints. 
Platmum is also a good conduotor of eleotneity, and largo quantities are 
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used in the eledtric light mdustrj' Shoi t pieces of platinum wire are fused 
into fEo ^ass at the base of the bulb, and connected with the filament 
made. The bulb is then exhausted and sealed. The platmum wires out- 
ade are then put m commumcation with the wire carrying the current 
The filament is thus heated under reduced pressure to form the “ incan- 
descent electnc hght ” Platinum is used in dentistry, photography, in 
jewellery, and in making scientific and surgical instruments, etc 

Platmum indium alloys are hard and clastic , malleable and ductile , and 
less fusible than platinum. If more than 20 per cent of indium be present, 
the alloys are exceedingly difficult to work An alloy of 10 per cent indium 
and 90 per cent platinum was chosen by flie^International Committee on 
Weights and treasures for 'preserving the standards of length and weight 
Platinum-indium wire with platinum wire are used as thermocouples for 
temperatures up to 1000° , and platmum-rhodium wires are used with 
platinum in a similar way for temiieratures up to 1400° Commercial 
platmum has 2 jicr cent of mdmm, and it appears to gradually lose this 
constituent when heated to a high temperature The result is that 
platmum crucibles made from commercial platmum lose in weight every 
time they are heated for some time in the gas blowpipe This is a source 
of annoyance The high fusing temperature of osmium has led to its 
use for the manufacture of filaments for mcandescent electnc lamps — 
“ osnuum lamps ” An alloy of indium and osmium is used for tippmg 
gold mbs on account of its hardness The alloy is called tndosmine or 


osmmdtum Pal laihnm is used fo^absortmg hydrogen, for the detection of 
catboB jnonoside.jand'i^r the sep^tm“&,io^e as mdiwted,above 
miumtetroxidfiisusedfor* staimng^ndlaiSermg o^anic ti^ues in histoloig^''^ 
"When platmnm is precipitated from solutions of the tetra-chlbnde by 
icducmg agents, a velvet black powder called platinum black is obtained , 
when ammonium chloroplatmate is calcmed, the metal remains behind as a 


spongy mass called spongy platmum , and if ^bestos be soaked m a solution 


asbestos absorb large quantities of o^gen gas, and th^ can then be used 
as oxidizing agents Platmum black can absorb 100 times its volume of 
oxygen and 110 times its volume of hydrogen. Palladium black absorbs 
about 900 times its volume of hydrogen This property of occluding gases 
IS shown m a less marked degree by iron, nickel, and cobalt, as well as by 
copper, gold, and silver Spongy ptotmum will cause a mixture of hydrogen 
and oxygen, to unite with explosion , spongy palladium without explosion 
A jet of hydrogen directed on to finely divided platmum will cause the 
platinum, to glow and finally igmte the jet of gas Alcohol dropped on 
to mdium black takes fire Similarly coal gas can lie igmted by spon^ 
platmum, and this property is utilized m making the so-called “ self, 
lightmg Bunsen’s burners ” The catalytic properties of the finely divided 
pminnm metals are used m some mdustnes for promotine chemicj.1 
changes, e.y the contact process for sulphunc acid 


§ S Werner’s Views on Valency, and on the Constitution off/ ^ 
Molecular Compounds 

istmguish modular from atomic compounds, by 
structural iormuhe based upon ordinary valencies deduced from the 
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manifestations of the simplo “ ntoimo comjioiiiids ” disciismtl in previous 
chapters, has not been successful Some of the tlcnienth involved in the 
formation of the molecular comiiounds manifest higher valencies than the 
numbers deduced from the simpler, more numerous, and more stable com- 
pounds. A. AVcrncr’s lijpolhesis — 1893 cl srq — seems to give o clearer 
insight into the constitution of double salts, complex salts, crj'stallino 
h>drntcs, etc , than any j ct propounded Although it is eertain that 
AVemer’s hv]X)thcsis has not a«isumcd its final form, jet it promifaes to 
banish the conception of molecular compounds as something specifically 
distinct from atomic compoimds 

1 Residual Affinity — ^According to AA^emcr, u hen the combining capacity 
jof an atom, ns defined by the tlieorv of valcncj, is exhausted, the atoms 
btill possess a “particular kind of nffinit\,” mIiicIi enables them to form 
Imolcculnr complexes, corresponding uatli Berzelius’ “ compounds of 
(higher orders,” p 30b In other words, simple or primary molecules 
fmay possess a residual affinity which enables them to unite together 
[and form more complex stable compounds Thus, the sulphur atom 
[in sulphur tnoxidc, the oxjgon atom in water, the chlorine atom in 
diydrogcn ohlondc , the nitrogen atom m ammonia , the gold atom in 
jaunc clilondc , the platinum atom in platiiiic chloride, etc , all possess 
jicsidual aflimty wliioh pcmiils these molecules to unite additiveU with 
jother molecules Residual afiimty appears to pln\ a role similar to ordinaiy 
|chomical aflmitj, but the new manifestations of valencj differ from the 
Wnifestations of ordinaiy valency in that they bind entirclj different 
'radicles. For instance, residual affinity does not lead to the combination 
|of univalent radicles as defined by the doctrine of valency Tins 
(does not mean that the mode of action of the two kinds of affinity is 
(different, since both arc in many ways similar “ Nev crthelcs.s," says 
{AA'cmer, “ it appears at present desirable to proserv c the difference bceaiisc 
Itlie doctrmc of valency is yet ui a transitional stage, and hence it is judicious 
rto construct sharply defined concepts.” Accordingly, AA’'cnicr distiii- 
.guishcs tvTO kinds of valency 

I I Chief or primary valency which represents those manifestations 
of chemical affinity wluch enable the combining capacities (valencies) of 
the elements to bo expressed in teniis of hydrogen atoms or their cqui- 
V alcnts, c g Cl — , No — , NO^ — CH^ — , 

2 Auxiliary or second’ary valency which represents those mnni- 
,fcstations of chemical affinity which arc able to bring about tho stable 

P on of molecules as if the molecules were themselves radicles able to 
at as independent molecules, c g HjO — , NH, — , HCl — CrClj — , 
Co-ordmation number — A^icn tho binding capacity of an clcmcntaTy 
atom (primary valency) appears exhausted, AA'cmer assumes that tho 
atom can still hnk up with other molecules (secondary valency), and build 
up more complex molcoulee. There is, howcv or, a limit to tho binding 
capacity of both pnniary and secondary valencies Tho number wluch 
represents the joint effect of both tho pnmary' and tho sccoiidarv valencies 
IS called the “ co ordination number” The co-ordination number, of an 
atom IS the^ jnaifimum ^number of atoms, ^radicles, or molecular 
g roups-— in dependent .of _their val enci es — ^whic\can be directly linked 
with.. a .central atom Tho co oixhnation nuiiiiier of an atohi can be 
detetmmed from compounds in which tho maximum number of atoms, 
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radicles, or molecular groups, linked with a ecntral atom, aro known The 
CO ordination number of most atoms, ounously enough) is six , m a few 
cases it IS four , and with molybdenum and the addition products of the 
chlondes of the alkalme earths, the co-ordination number appears to be 
eight The fact that the co ordination number for so many'elements is 
SIX, and is generally independent of the nature of the co ordinated groups, 
has made Werner suggest that the number is decided by available apace 
rather than aflSmty and that six is usually the maximum number which can 
be fitted about the central atom to form a stable system Consequently the 
co or^ation number represents a property of the atom which enables the 
constitution of “ molecular compounds ” to be referred back to actual Imk- 
ingB between defimte atoms A molecular compound is primarily formed 
through the agency of secondary valencies , and, ]ust as primary valencies 
detennme the number of umvalent atoms or their equivalent wluch can be 
linked to a central atom, so secondary valencies determme the number of 
molecules itrhich can be attached to the central atom The secondary 
valency is often active only towards definite molecular complexes, and hence 
the formation of additive compounds with other molecular complexes does 
not occur Accordmgly, the number of secondary valencies which are active 
towards different moleoiriesis not always the same To illustrate by example 
Ammonium chlonde — When it is desned to emphasize the distmc- 
tion between primary and secondary valencies, Werner recommends usmg 
a contmuous hne for the former, and a dotted Ime for the latter The 
nitrogen atom of ammoma, NHj, has an unsaturated secondary valency, 
and the hydrogen or chlorme atom in hydrogen chlonde, HCl, has 
likewise an unsaturated secondary valency The formation of ammomum 
chlonde is therefore illustrated by the scheme -f- HCl = HCL 

The dotted line represents the auxibary valency ]oimng the hydrogen 
atom of HCl with the mtrogen atom of NH3 The co-ordmation 
number of the mtrogen atom is here 4 . It is not likely that one of 
the hydrogen atoms m ammomum thlonde is “ linked with a greater 
amount of affimty than the other three,” and very probably, there is a 
state of equihbnum m which the afBmty is distributed over all the 
hydrogen atoms, and a complex radicle is formed in which each of “ the 
four atoms of hydrogen is urated to the mtrogen atom by the same amount 
of affimty ” Hence Werner wntes the structural formida of ammomum 
chlonde , 



The practice of assunung an mcreased valency for mtrogen when ammonia 
umtes with hydrogen chlonde, says Werner, if consistently earned out 
would make antimony tervalent m antimony tnchlonde, and qmnqne- 
valent m SbCIa KO, etc Bivalent, Fe, m ferrous cyamde, EeCy,, would 
become deoivalent m potassium ferroi^amde, K^FeC^j ^ 

Sulphunc aad— The formation of sulphunc and chlorosulphunc 
acids by the uraon of sulphur tnoxide with water and hydrogen chloride 
respectively is brought about by the secondary valencies as indicated m 
the schemes O3S - 1 - OH2 = O3S OH,, and 038-1-0^=038 CIH. 
\Mien one of fhe reacting moleciaea contains double-hnUd atoms, the 
secondary valencies may mi he mffiaenthj strong to preserve the integrity qf 



C 48 


MODERN INORGANIC CHEMISTRY 


the nev) moletniU, and tJie atoms of the addxtion ^product may be rearranged 
For example, this is the ease vnth sulphur tnoxide Thus 



Q 


OH 


O 




OHa passes mto Q^S<Qg-, and 0^1 


S CIH into 



OH 

Cl 


The change in thq type of the compound is due to an intramolecular 
rearrangement, but such a change may not ocour if the secondary valency 
IS sufficiently strong and the addition product is stable 

Platinum-amnunes — ^What has just been suggested appears to be 
appboable mth the analogous reactions Cl^Pb + 2NH3 = O^Pt (NHgla , 
and Cl^Pt 4- 2 EC 1 = CI4K (01K.)2 Werner represents the Wo lattei 
compounds by the formulas 

[Pt(NH3)2ClJ [PtClelKa 

All four chlonne atoms can be removed from the first compound without 
disturbing the ammoma molecules, and consequently the chlonne atoms 
do not act as intermediate hnks bmdmg the NH3 molecules to the 
platmum, as they would in, say, Cl2Pt(Cl NHglj It is therefore inferred 
that the NH3 molecules are directly attach^ to the platinum atom 
Agam, no diSerence has been detected in the chemical behaviour of tho 
four chlonne atoms This would not be the case if the two ammonia 
molecules were intermediate links between two of the ohlorine atoms, and 
tho central atom of platmum, os would be the case in, say, Cl^P^NH, Cl)™ 
Hence, m all probability, the six groups are all attached directly to the 
platmum Consequently, Werner wntes 

cr ci-^ 

The latter formula has been estabhshed in a similar manner to tlie former 
A study of the platmum ammines shows that they can be arranged in 
two well defined senes. One senes is denved from platmic chloride, 
Ptd^ , and the other from platinous chlonde, PtClj The 00 ordination 
number of the former is six , and of the latter, four Thus 


1 Plahnum-ammines denved from platinous chlonde — ^PtOh 

Tetrammmeplatmous ohlonde [Pt(NHj)4lCI. 

Ohlorotnamminoplotmous ohlonde [Pt(NHs)sCl]Cl 

Dvohlorodiammineplatmuin (two isomers) [Pt(NHi).Cl'.l 

Potassium tnohloroammmeplatinite [Pt(NHs)ClJK. 

Potassium tetroohloroplatimte [PtChlK. 

2 Platinum-ammmes derived from platmic chloride — ^PtCIi 


HexamouneplatiDio ohlonde 
Ohloropeutammmeplatimo ohlonde 
Dichlorotetramnimeplatmic ohlonde 
Tnohlorotnamnimeplatmio chlonde 
Tetroohlorodianmuneplatmura (two isomers) 

Potassium pentaohloroammmeplatinate 
Potassium hexaoliloroplatmato 

Tie simple or compound radicles which form the complex represented 
■mthin the square brackets, are directly umted with the central atom of 
platmmn The complex takes part in chemical reactions as if it were 
one inAviduttl r&dicle The basic anuxionia in the complex can be sue 
oessively replaced by acidic radicIes-C! Br, NO3, CO3, SO^, etc— until 


Pt(NH:,),]Ch 

:Pt(NH,)iCl]Cls 
Pt(NHs),Cl.]Cl3 
:Pt{NH,) 301 jlCl 
:Pt(NH3).Cl,j 
rPt(KHa)ClJK 
[PtOlJKj 
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the complex becomes acidic instead of baste and the platmic ammine 
complexes finally pass from electro-negative (basic) radicles to electro- 
posittre (acidic) radicles Potassium chloioplatmate is the Unut of the 
platimc ammmes and potassium chloroplatimte is the limit of the platmons 
ammmes. It •will be obvious that an enormous number of denvatives 
aie conceivable 

Nomendatore of the metal ammmes — ^Werner s system of nammg the metal- 
'ammoma compounds has been almost universally adopted The constituents 
of the complex are taken first , and of these, the acid radicles with the suffix “ o ” 
come<fixst, then follow any groa|» which behave like ammonia, e.g HjO is 
called “aquo”, NO-, “ nitnto ” or “mtro”, NO-, “mtrato”, CO*, “car- 
bonato ” , SOj, “ sulphito ” , etc. And lastly, preceding the metal itself, the 
BTumoms molecules are designated “ ammines,” and spelt with a double “ m ” to 
distuignish the ■word from the “ ammes ” or substituted ammonias The pre 
fixes m, tn indicate the number of each The whole is written as one word 
Example appear m the abov e hst 

The valency of the metal ammmes. — ^The valency of the complex 
is numerically equal to the difference between the ordinary valency of the 
central atom and the number of negative (acidic) elements or groups 
attached to the metal Thus, the normal valency of platmum m the 
first of the above senes is 4 bence the valency of [Pt(KEI^) 5 C 13 , with 




22S and 226 — The Eleotncal Conductivities of the Platmum-ammmo 
Den\ ativ« (The abscisss refer to the numbers in the above tables ) 


one negative (acidic) group “ Cl,” will he 3 , this means that the complex 
m question acts as a tervalent electropositive (basic) radicle , and it can 
univalent electro-n^ative (acidic) radicles. The valency 
w L«(iMi 3 )a 5 ] with five negative (acidic) groups, “ Cl ” will be —1 
means that the complex under consideration will act as a umvalent 
radicle, and it can accordmgly umte -with one 
radicle like potasaum, sodium, etc. If the valencv 
complex are numencaUy equal to the nomiill 
case W ^ central atom, the complex -wdl he nuUvalent This is the 
ease for instance, with the complex tPt{XH 3 ),ClJ 

ammmes -The nuUvalent ammine bases 
bases thl conduct electncity In the other amnune 

aSuheifo^?^ T ®'^^®’' electropositive (haac), 

amon. ?f® and therefore an 

turbed complex are not dis- 

ationni.ftz, “olecular conductivities of the amnune denvatrves of PtCl 

nves of Ptci, are indicated in Eig 226, the second derivative. 
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[Pt(NH3)fiCl]Cl3, IS not known Tlie eleotncal conduotivities of these 
oompounds correspond with the “ions” obtained on electrolysis, as 
indicated by Werner’s fonanlai in the above tobies 

The analytical reactions of each base are oharaotenstio of the comple'c 
as a whole, and of the radicles associated with tlie complex — indicated 
outside the square brackets in tlie above formulsa Thus, with the cobalt 
ammincs, cobalt torvalent, all the bromine m [GoCNHgyBrj is precipitated 
by silver nitrate , in tCo(NH3l5Br]Br3 only two ttords of the total bromme' 
IS precipitated by silver nitrate , ani in [Co(NH3)4Br2]Br, only one third 
of the total bromine is prccipitoted, and in [(kiCNHalBtg] none of the 
bromine is precipitated 

Isomensm of the amnunes — ^The phenomenon of isomerism occurs 
with some of the amnunes. Thus, oroceo cobaltic clilonde and flaveo- 
oobaltio ddorideshave the same ultimate composition, [Co(NE3)4(N02)j;]C] 
One forms golden ydlow solutions— ;/Zoww (golden yellow), and the other 
saffron coloured solutions — lep^ieat (orooos), saSron Similarly, there are 
two isomers of dichlorodiammmeplatmum and two isomers of totraehloro 
diammineplatmum In the former, [Gl2Pt(NH3)2], the four radicles are 
attached to the central atom of platmum in pairs If the four groups 
were attached in space, say at the angular pomts of a regular tetrahedron, 
isomerism could hardly be expected because the four groups could be 
interchanged without altermg their relations one with another^ Hence 
it IS inferred that the groups are arranged about the central atom of 
platinum in one plane The resultmg isomensm can be graphically 
illustrated by the schemes 

Cl NH3 NH3 Cl 


Cl NH3 Cl NH3 

Ois position Trans position 

Or by the more usual typo of formula 

Cl\p.^NH3 ^^H3v^p.^Cl 

C1>^*^<NH3 0K^‘^<NH3 

C18 poBition. Trans position 

Tlie two isomers of [PtlNE^laClJ can bo represent^ by 





nbsonoe of isomensm in mothylono 
chloride, OHjCa», proves that the four hydrogen nnd chlonno atoms are distributed 
^ ® carbon atom Tlie fact that no isomensm lias 

to^g^p OH.CU ‘ configwwtwn 
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The iBomorism of other ammincs can bo illustrated in a smiilai mannei 
If the corners of the octahedral figuio bo always numbered 1 to 6 as shoAvn 
in tho diagiam, the relative positions of the aoidio or basic radicles can 
bo indicated by numbers Assuming that the diagrams ooircotly repic- 
sent tho relative positions of the radicles, tho ois compound is 
2 3 tctrachlorodiammineplatmum, and the trans compound tho 2 4:-totra- 
chlorodiammineplatmum 

Cobalt-ammuies — Torvalent cobalt foiins an important soucs of 
ammines Tho so called luteo-cobaltic chlondo [Co(NH3)(j3Iil'5 hexam* 
mmcoobaltio olilorido, and it is formed in reddish-yellow prisms (lutous 
yoUow), when a solution of cobaltous chlondo oontainmg ammonium 
chloride and ammoma is exposed to tho oxidiauig action of tho air, oi 
biomme, load peroxide, etc If an ammomacal solution of cobaltous 
chlondo bo exposed to the oxidizing action of tho air, roseo cobaltio chlondo, 
or aquopentamrameoobaltic chloride, [Co(NH3)5]^0]C33, is foimed, if 
tins solution bo warmed, purpureocobaltic chlondo or chloropontammino- 
cobaltic chlondo, [^©(NHaljCllClj, is formed , and when this is exposed 
to tho action of mtrous acid, orooeooobaltio chlondo or nitntopentamnuno- 
oobaltio chlondo, [Co(NH 3 )bN 02]C12, is formed Most of tho 2000 knoivn 
cobalt arammo comiiounda can be referred to one of the following seven 
senes Lot A represent NH3, H3O, oto , R repreaont tho halogens, NO2, 
NO3, CO3, Cy, etc , and M a basic radicle univalent— K, Na, otc. 


Table XLVUI — Cobaltamminfs 



Typo 

1 

1 

Example — Wemor’a 
Bystemotio namo 

1 ' 

Pormula 

Old name 

I 

[OoAdR, 

Hexamminocobaltio 

oblondo 

tCo(NH,hl01, 

Lutoocobaltio 

chlondo 

II 

[CoAsRlR. 

Nitntopentammine 
cobaltio oblondo 

[C!o(NH,)5NO.]Cl3 

Xunthocobiiltio 

chlondo 

III 

[OoA<R4]R 

Diolilorototrammino 
cobaltio mtrato 

[Co(NHa)4CJ»]NOa 

Chloroprosooco 
baltic mtrato 

IV 

[CoAjR,] 

'ftTOitntotnommmo 

cobalt 

[Co(WH,),(NOs),3 

V 

[CoAoRdM 

Ammomum totranitnto 
diamminocobaltato 

[Co(NH,)a{NO*)JK 

Erdmann’s suit 

VI 

[CJoAR^Ms 

Potassium pontamtnto 
amnunocobaltato 

[Co(NH,)(NO*)dIC. 

— 

VII 

[CoRjJM, 

Potassium hoxanitnto 
oobaltato 

[Co(N02)JK3 

1 

i 

Potassium co 
baltinitiuto 


Jhimerous derivatives of most of the classes aro knoivn, and an onoimoub 
number are possible, e g over a hundred mombera of tho first class have been 
isolated Potwsium cobalticyanide, [CoGy.hK^, belongs to tho seventh 
group It IS formed when a solution of a cobalt salt is warmed ivith an 
excess of potassium cyarado while exposed to the air Tho cobaltous 
cyauKlo wjich first separates as a dirty hroivn precipitate foms tho complex 

Scv + ilCOv . The reaction is usually ivritten 

rCo^ TK 'Hub IB T Acco^ng to Werner, this compound is 
o-udized to potassium cobalticyamdo, rCoOv«lK. on 
o’cposuK to tlto Solutons of toteio Uypobito M^^&to 








CHAPTER XXXV 


The Oxides of Cabbon 


§ i Carbon Dioxide — Preparation 

Molecular weight COs = 44 Meltmg point, —57® (under pressure) , suhhmes 
at -78 2®, critical temperature, +31® Relative vapour density (H* = 2), 
43 07 , (air = 1) 1 629 

Cabbon dioxide is produced when carbon burns in the presence of an 
excess of oxygen Similar remarks apply to the combustion of many 
carbon compounds If a beaker be held over a candle flame for a few 
minutes to collect some of the products of combustion, and lime-water bo 
then poured mto the beaker , or if a candle be allowed to bum in a cylinder 
loosely covered with a glass plate, and bme water be added, the formation 
of a turbid solution is strong circumstantial evidence that carbon dioxide 
IS present The production of a turbidity in clear lime-uater is a 
oharactcnstic test for carbon dioxide 

Laboratory methods — Carbon dioxide is generally made in the 

laboratory by the action of hydrocblonc acid upon calciimi carbonate 

marble, hmestone, or chalk The action is represented in symbols 
CaCOg + 2HC1 = CaCJIg + COo + B^O Calcium clilondo is a by-pro- 
duct of the action Fragments of marble are placed m a Woulfo’s bottle. 
Fig 9, p 43, with a quantity of water Concentrated hydrocliloric acid 
IS added by means of a funnel tube The gas can be collected, like hydrogen 
over water , or, unlike hydrogen, it can be collected by placmg the delivery 
tube m an empty gas oylmder closed end downwards. The gas is so heavy 
that it displaces the hghter air upwards out of the jar— hence the term, 
coUecting Hit gas hy tU wpvxtrd displacement of air The gas so collected may 
contem a httle air It is easy to test if the jar is full of gas because a 
lighted teper put down into the ]ar iviU be extmgmshed when it meets the 
carbon diondo as completely as if it had been immersed m water 

H suljjhunc^jd be used m place of hydrochloric acid, the fragments of 
marble quickly become coated with a film of » insoluble ” calcium sulphate 
wtech prevents forther a^ck by the acid, and the evolution of gas prac- 
tioaUy ceases lUhn powdered calcium carbonate be suspended m unter 
sulph^c^d^jUiciJised. Marble sometimes contoms mlphm co^ 
poun^ winch lead to the formation of sulphur dioxide, the cartclioxido 
lyill then have a distmot smell of bummg sulphur By passing the cas 
toigh a Avash-bottle contaimng a ^q^ulphunc^H sofution^of 

sulphur dioxide "iviirSe^r^m^ 
from the' gas: ' TBEIHST prepared as indicated above mat 
steam and a httle hydiogeu ehlonde. aa axB ae aar iSy pM 
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made by tlio nction of dilute sulphuric acid on lumps of “ fused ” sodium 
earbonato In symbols 

j/ NXCO3 + aSO^ = NagSO^ + HgO + COj 
Sodium sulphate is a by product of the reaction 

Large-scale manufacture — Some carbon dioxide for manufacturing 
operations is made by the action of sulphuric acid on magnesite, iv hereby 
magnesium sulphate is obtained as a by product It is also mode as a 
by-product irhen hmestone or magnesite is burned is special kilns In 
the latter case, the gas is purified by irashing in towers, etc Eor some 
purposes, too, carbon dioxide mixed with atmospheric nitrogen is made 
by passmg air over red-hot coke l-Thi the brewmg mdustry, carbon dioxide 
is a by-product developed dunng the action of the yeast plant on sugar, 
or matenals contaimng sugar ^s gas is then washed and pumped into 
steel cylmders to be afterwards made into imneral waters. 

Fermentabon — ^The formation of carbon dioxide during the process 
of fermentation is veiy oiinous The fact can be illustrated by the 

foUoivmg experiment Shake 50 c c of 
tremle with 400 0 c of wter in a litre 
A, Fig 227, and odd a few c c 
of yeast Connect the flask ivith a 
gloss^^hvery tube, B, in commumca 
tion with an empty ^vash-bottlo, C, and 
another wash bottle, D, containing clear 
lime ^TOter The liquid m the flask, if 
Kept warm, soon begins to bubble and 
froth — ^ferment The whole apparatus 
18 left on one side until the next lesson 
The hme water wall then be gmte turbid, 
and the contents of D may be tested 
for calcium caibonato as mdicated below The yeast plant during 
^ growth decomposes the sugar — CrHjjOg — solution forming oaibon 
dioxide and ethyl alcohol — CjHjOH The reaction, m symbols, is usually 
repr^ented * C 0 Hi 2 Og = 2 CnH 50 H -J- 2 CO 2 Tlie alcohol, remainmg m 
tne flask A can be partially separated by fractional distillation The last 
trac^ of water are removed from the disbllate, boihng at about 80°, by 
^Wlation from freshly ignited hme, or recently fused potossium carbonate 
fljthyl alcohol, when pure, boils at 78 4° (atmospheric pressure) 

m “ raising of bread ” depends upon the expansion of bubbles of 
oaibon dioxide by heat The carbon dioxide is generated by the action 
of y^t on sugar or starch, or by the action of sodium bicarbonate 
(baking Mda ) and a substance of acid reaction— -tartano acid, acid 
notassnm tartrs^ (cream of tartar), etc The formation of carbon dioxide 
..dumg this reaction IS shown by examimng the gas developed when a 
, mixture of cream of tartar and baking soda is moistened with water 

§ 2 The Properties of Carbon Dioxide 



Pro 227- 


-The Permentation of 
Sugar 
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apside dovm for a mmutc. tho hciavy gas falls out and 
S gas « therefore heavier than air, and, as 

tfxtin|iiPhcs the flame of burmng bodies ^^^^^ronerty of"" 

hiiifxr nf the sas its heaviness compared 'With air, and its p per^ 
StogtaiTU^Lt many plcas^g and -tWwe e^erimente 
Jrrangedfand hmited only by the ingemuty and skdl of the expeiixnentOT 

ss-ji,ss:“=ef^s^’= 

3fe-S-3SSSife^^ssi 

^IsVa wheel of stifiE oerdboard can bo mounted upon two ® 

utopetlv boloncod, 03 if it were a ‘ water wheel,” moved bj a 
^ ?4l li cardboard bos, or a light glass vessel can bo counterpoiMd ot a balance , 
the^lwam will be depressed when carbon^oside is Mured into tho bo's., sliowng 
♦Ilof f.lift Giiplion. diosido i8 hoflivior tliftn xno air QiBp'acacl • ^ -i 

(6) Soap bubbles bloim with air can be floated on tho carbon dio'ude in a 

Petroleum burning m a shallow d«b can be estmguisbcd by 
gas over tho dish, and a beaker of the gas poured oxer a hghted candle uiU 

qnenolUheflame^^d^ can be ladled from a largo cyhndor by a small beaker 
tied on to a stnng The action is analogous with the method of emj^xmg a 
woU of water by means of a bnokot and tope Emally, a candle will Imm 
m tho cyhndor, showing that tho carbon dioiade has been removed The 
beakora of carbon dioxide can bo emptied mto anotber cyhndor and tho presence 
of carbon dio'xido demonstrated in tho usual way 


Chrbon dioxide is fliii tiotive agent m many portahlo fire extmguishcrs 
Some contain, sodium carbonate and sulphuno acid or alum solution so 
rrranged that they can he mixed, and the gases generated under pressure 
•when desued The stream of carbon dioxide forced on to the biuning object 
might prevent a senous conflagration lii “ chemical fire engmes ” tho 
pressure of tho gas itself is utilized to force a stream of water on to the 
burning body 

Action on animals — A mouse placed m a jar of the gas mil be suffocated 
m a very short time Carbon dioxide is not particularly poisonous Its 
harmful effects arc mamly due to suffocation (absence of oxygen) Small 
mcrcases m the amoimt of carbon dioxide in air — say 2 or 3 per cent — 
do no perceptible harm , 5-0 per cent mduccs a nse of pulse and marked 
pantmg , 10 per cent , violent pantmg , above this the gas exerts a 
narcotic effect, and with 25 pet cent death wiU occur in a fbw hours , air 
with 60 per cent carbon dioxide can be breathed a short time •without 
fatal resets 

Solutions m water — ^The solubility of carbon dioxide m water will 
be discussed later Water dissolves about If times its volume of the gas 
at 0“ and 760 mm pressure , and about its own volume at 16°, 760 mm 
In tho manufacture of “ soda ivater*’ the gas is dissolved by the water 
under great pressure— 60-150 lbs per square uich The solution effervesces 
ahd froths when the pressure is withdraivn, owmg to the escape of the carbon 
dioxide Liquids bottled dunng fermentation — ^beer, champagne, kumiss, 
etc — cffcnesce for the same reason The same remarks apply to many 
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mineral -waters, c g the w'atei of the Geyser Spring (Saratoga), at Niocler- 
Boltore (Hesse-Nassau), Sjidhtz (Bavaria), ote , p 149 Sellers -water is, in 
England, called “ Seltzer water ” Soda waiter, t c saturated with carbon 
dio-ndo, in the stomach acts os an aperient Stale beverages are some* 
times “ revived ” by saturating them -with carbon dio-ade under pressure 
Action of heat — Carbon dio-ade is fairly stable at high temperatures. 
When heated under atmospheric pressure, at 1300°, only 0 004 per cent, 
IS decomposed , at 1400°, 0 14 per cent , and at 1478°, 0 32 per cent 
The action is a reversal of the oxidation process 200, =5=^ 2CO + 0, 
So far os -wv can tell, two reactions are going on simultaneously -when 
the rate at which the carbon dioxide is decomposed is equal to the rate 
at which the carbon monoxide is oxidized, the two reactions are balanced 
^ud the ^stem is in equihbnum. Raismg the temperature above 1300° 
augments the velocity of the process of decomposition 

Action of metals — ^potassiumu calcium, etc — ^If the gas bo heated in 
contact -with metallic potassium, sodium, calcium, or magnesium, the 

metals are oxidized, and 
the carbon of the gas 
separates m a sohd con- 
dition Pass carbon di> 
o-ude from a suitable 
apparatus, A Fig 228, 
through a washing bottle, 
jB, containing sulphuric 
acid, and then into a 
bulb of liard glass, C, con- 
tainmg a few shaimgs 
of metallic magnesium, 
potassium, or calcn m 
Wien all the air has 
Tin -28 Tno Action of Hotels on Carbon Dioxide been expelled from the 

, ^ , apparatus, the bulb is 

heated The carbon dioxide is decomposed vigorously, foiming blaok 
carbon, and calcium carbonate COo + 2Ca 2CaO + C , and CaO 
+ COj = CaCO, ^Metals like iron and'zinc give carbon monoxide insteiul 
jOf carbon when heated with carbon dioxide COj + Zn ^ ZnO + CO 
j If a rapid stream of carbon dioxide be passed tlirough pure w ater in 
^ which rods of amalgamated zinc are immersed, a httlo of the carbon 
^ formaldehyde, H CO H, thus CO„ + 2Ho = HoO 
{ + ILCO H The yield is increased if a trace of ammonia be present “ 





§ 3 Carbon Dioxide — Occurrence and History 

Occurrence —Atmospheric air contains about 0 03 per cent of its volume 
of ^rbon dioxide, and on account of the occurrence of this gas in air, 
T Bergmann (1774 called it “ aeid of air » It issues from the ground 

and in aqueous solution (nuneral watei) 
J B Boussingault (1844) estimated that Cotopaxi emitted moie carbon 
dioxide per annum than was generated by lUo and combustion in a city 
bko Pans Owing to the fact that carbon dioxide is nearly one and a half 
tirats as heavy as an, this gas is inclined to collect ns a gas in old deep wells, 



THE OXIDES OP CARBON 


667 


in valleys, and in depressions m the ground near lime kilns , and in certain 
neighbourhoods where carbon dioxide is evolved from volcanoes and 
fissures in the ground — e g the Valley of Death (Lake of Laaoh, Java) , the 
Grotta del Cane (Pozzuoli, Naples), etc The student must here distmguish 
between the jfow of a heavy gas like carbon diosde to the lowest possible 
level , and diffusion which leads to the dissipation of the gas into the 
atmosphere If the supply of gas were not kept up, the gas which collects 
m the low levels would giaduaUy be diffused through the atmosphere 
Tremendous deposits of calcium and magnesium carbonates — chalk, lime- 
stone, doloimte — as well as smaller deposits of other carbonates, occur 
m various parts of the world. 

History — Carbon diomde has been known for a long time, but the early 
wnters confused it with “ air ” J B _van_Helmont (p 10) called it gas 
sylvestre ^ to distmgmsh it from common'air' He prepared it by the action 
oi acids on alkalies and calcareous substances , he showed that it was 
formed durmg the combustion of charcoal, durmg the fermentation and the 
decay of orgamo matter, and he recogmzed it m the “ mmeral water ” at 
Spa (Belgium) , m the Grotta del Cane (Naples), and other locahties Van 
Helmont also knew that the gas extmgmshed flame, and suffocated nmmnla 
Van Helmont, however, confused it with other gases which do not support 
combustion J Bl ack (1756). however, proved the gas to bo a pecubar 
constituent of carbonated alkalies, being “ fixed ” there in tlie solid state 
Hence Black called the gaa fixed air , and TJ8ergman,(177A), aerial acid 
The chemical nature of carbon dioxide was clearly explained by Lavoisier 
who showed it to be an oxide of carbon * 


§ 4 Liquid and Solid Carbon Dioxide. 

Faraday bquefied carbon dioxide m 1823 by means of his sealed tube 
anang^ent indicated m Fig 100, and liquid carbon dioxide is now manu- 
fMtured as a commercial article by pumpmg the gas into steel cylmders 
( bombs) by powerful compression pumps The gas from, say, the ferment- 
mg yate of a breweiy (p 654) is washed, purified, and pimiped mto the 
bombs for aerated water ” manufacture, etc ^ 

Properties of liquid carbon dioxide —At -6% carbon dioxide requires 
andTTl/?^ liquefaction, at +6°, 40 4 atms , 

liquefied by any 

kno^ pressure Liquid carbon dioxide is a ooloui less mobile hquid It 

floats on water without mixing with it It boils at — 7R 2° at " 

O»bon d.ox.d. ..5.ed a ™ Sfc 

r^laboa, rf a^aanfatL^ 

coin^e^on apparels must have a special compartment 
bbe bomb By 

dnaiag a ot a 
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qmte a lot of solid carbon dioxide can be collected. Tlio sobd can be shaken 
from the bag into a cardboard box for cxammation 
V' Properties of solid carbon dioxide — Sobd carbon dioxide is a soft irliito 
snow like substance — “ carbonic acid snow ” It evaporates m air ■without 
meltmg, but under a pressure of 6 atms it can be melted to a liquid It can 
be handled safely provided no pressure is appbed. The effect of pressure 
IS to break the film of gas betireen the sobd and the •warm hand and cause a 
severe burn, or rather, a blister, resembbng the blister produced by a bujn 
A horn spoon can bo used for bandbng the matenal A piece of the sobd, it 
placed inside an empty beaker, •will eimporate sufficiently m a few imnutes 
to fill the beaker ■with carbon dioxide gas to which the usual tests can bo 
appbed Place some of the sobd m a soda water bottle and close the bottle 
■with a rubber stopper In a short time, the gas ©■volved ■will generate 
sufficient pressure to blow the stopper out of the bottle A small beaker can 
be placed on a few drops of ■water on a ■wooden block. Some sobd carbon 
boxide is placed m the beaker In a few imnutes, the beaker ■will bo 
rozen to the wood 

Oarbon dioxide “ enow ” dissolves m ether, and as the ether evaporates, 

!. temperature approaohmg —110® can be obtamed in air, and —140° 
inder reduced pressure The solution is a good conductor for heat, and 
serves os an excellent freezing mixture A great many gases can be 
iquefied by passmg them through tubes immersed m this mixture Several 
nterestmg experiments can be made to illustrate the change m the pro 
lerties of metals, etc , at low temperatures bv means of sobd carbon dio^xidc, 
ir Its solution in ether Mercury freezes to a malleable sobd resembbng 
netalbo lead 


The freezing of moroury is conveniontl} demonstrated os follows A circnlnr 
Srooio— 1 cm deep, 1 cm wide, and 7 cm diameter on the msido of the ring- 

turned in a block of -wood is filled 
about 7 mm deep ■with drj mer 
ourj Put the wooden mould in 
a large porcelain dish, fill the 
space around the mould ■with 
cotton wool , cot or the morcun 
tvith a 7 mm layer of solid carbon 
dioxide or a mmuro of carbon 
dio-ade and ether Tho mercun 
will bo frozen in a few minutes 
Imert the mould, and tho 
meroury nng falls out Lift the 
mercury nng rapidlt ■with a glass 
hook, and lower it into a cylinder 
of water as illustrated m Fig 229 
The nng is at once covered inth 
a layer of ice The mercurt 



Fio 229 — Freezing Mercury — F G Benedict 


§ 5 The Coinposition of Carbon Dioxide 

weight — Tills has been estabbslied by tho woifc 
If Dumas. Sta^ Erdmann and Marohand, Roscoe, Eriedel, etc A u eiglied 
imount of carbon— ffiamond, graphite, etc— is burnt at a red heat in a 
platinum boat, placed m a poroelaiu tube, O, Ftg 154 The tube also oon- 
Liins a layer of hot copper oxide A stream of oxygen purified from carbon 
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dioxide by passing through, w ash-bottles, B, containing potassium hydroxide 
and sulphuric acid, is led over the hot carbon The resulting gas, on passing 
through the hot coppei oxide, is all oxidized to carbon dioxide The 
carbon dioxide is absorbed in 'weighed potash bulbs, D, and in a 
U-tube E contaimng soda hme in one leg, and calcium chlonde m the 
other The platmum boat contaimng the carbon is •n'eighed before 
and after the experiment so that due allowance can be mode for any ash 
present m the ongmal sample of carbon The followmg numbers are 
selected from the ongmal hat of expenments 


2 6662 grams oxygen 
2 6659 grams oxygen 
2 6662 grams oxygen 


•o 

accumulator 


1 0000 gram of sugar charcoal required 
1 0000 gram of graphite required 
1 0000 gram of diamond required 

Hence the combinmg ratios of carbon and oxygen m carbon dioxide 
are 8 grams of oxygen per 3 001 grams of carbon , or 11 001 grams of 
carbon dioxide , or, 32 grams of oxygen 
require 12 004 grains of carbon to form 
44004 grams of carbon dioxide The 
numbers obtamed by different expen- 
menters range from 11 99 to 12 00, and 
consequently I 2 is taken to be the best 
representative value for the atomic 
weight of carbon (see p 62) This ex- 
periment not only shows the relation 
between the u eights of carbon and 
oxygen m carbon dioxide, but it also 
shoivs that the same relation obtains, 

Mithm the limits of experimental error, 
whether the carbon be diamond, graphite, 
or charcoal 

2 Relative density of carbon 
dioxide — ^This constant, determined by 
weighmg an empty globe, and then the 
globe filled -with gas, shoivs that if the 
density of oxygen is 32, that of carbon 
dioxide IS 44 26 Hence the moleculai 
weight of carbon dioxide is nearly 
44 26 This IS only possible if 12 parts 
of carbon are combmed with 32 parts of o^gen by weight With the 

a omio we^ht of oxj^en 16, and carbon 12 003, it foUows S the fomSa 
of carbon dioxide must be COj lormuia 

3 Composition by volume — The volume of a sohd is neEheiblv RmnO 

m »ompar«on the yotoe „( ai, rohstance m S 



Flo 230 — Volume Synthesis of 
Carbon Dioxide 


. w -r Wo = uu, 

(Solid) 2vols 2vo1s 

Of the ngIrt~Wb.rF7g 230 The bulb 

which c«ncc a bone a* cruUlc coutaiocg a oh^5<i SS 
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into tho position illustrated in tlio diagiain A slip of gummed puior is 
placed on the nghttubo indicating the position of the mcrcurj iilion that 
liquid IB at tho same level in both tubes The platinum m ires arc connected 
wth an accumulator or battery The small loop of iilntinum mro in 
contact ivith tho carbon is thus heated red hot. This ignites the carbon 
uhicli bums to carbon dio\idc The heat of tho combustion expands 
tho gas, but in a short time, uhen tho apparatus has cooled, tho lei el of 
tho mercury is tho same ns before tho experiment ' Henco carbon 
dionde contains the equivalent of its own volume of oxygen 


§ 6 Carbonic Acid and the Carbonates and Bicarbonates 


Carbonic acid — ^Neither liquid nor diy gaseous carbon dioxide affects 
dry blue htmus paper, but if tho paper be moistened, the litmus is coloured 
red, and the blue colour is restored uhen tho paiier is dned Tlicrc is 
httlo doubt that a small part of the carbon dioxide which dissoUcs in the 
water combines with tho water to form carbonic acid The aqueous 
solution of tho gas turns blue litmus red ■* Since carbon dioxide combines 
with water to form an acid, it is also called carbonic anhydride Tlio acid 

18 probablj' 0=C(0H)2 or HoGO, The acid is unstable, and has not 
been isolated The acid decomposes at ordiiiaiy temperatures when tlu, 
solutions ore exposed to tho air, and the carbon dioxide escapes It is 
probable that we have to deal with tho roiersiblo reaction H^O CO, 
Only a icry small quantity of the acid is fomicd os Is c\ ident 
from tho low solubihty of tho gns in water Tho stsleni is in cquihhnuni 
when but a small proportion of the dissohcd gas has produced H.CO, 
If a base bo present, it will react with the oirbomo acid and form a car- 
bonate More HjO and COn unite, and the resulting H^CO^ is romoied 
bj tho base os Inst as it is formed, until all tho carbon dioxide in solution 
has been converted into carbonate 

Orthocarbonic acid corresponding with C(OIt)<, or H4CO4 is not know n, 
although some orthocarbonates, c.g cthjl ortliocnrboimte, C{OC H-lj, are 
familiar to the student of organic chcmistrj Tho ordinnrj " carfionates,” 
now to be considered, arc rcallj metacarbonates deni cd from metacar- 
bonic acid, CO(OH)j Tho so called formic acid may be regarded as 
a derivative of motocarbonio acid made by replacing one hydroxyl group 
by hydrogen 


Ortliocarbonio noicl Motnoirbonao noitl 1 ornuo nciil 

Alkali carbonates and bicarbonates —As just indicated, the hi droxido 
C(0H)4 is unknown Tlio first dehydration product 0 =C( 0 H), is meta- 
carbonic amd, or simply carbonic acid Carbonates contain “ CO^ ” as a 
dyad radicle There are two possible alkali carbonates— normal and acid 

lg>0=0 -'»“0>c.O »0>C-0 

Carbonic ncid Acid sodium carbonate Xornial sodium carbonate 

bualio^n wmKvio'ifs'*®*'"'’'^ 

vaU to^l"uSd^«rnc red - w«ttr_lhc litmus 
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Tlie normal salt is formed duimg the first action of carbon dioxide on 
sodium liydioxidc 2 NaO H M-.GOg = Na^COj + HjO Sodium bicar- 
bonate or sodium hydrogen carbonate oi acid sodium carbonate, NaHCOg 
IS formed when an aqueous solution of the normal carbonate is treated 
with an excess of carbon dioxide NajCOg + HoO COg 2 NaHC 03 
Here the radicle “ HCO 3 ” acts as a monad. 

The great avidity of sodium hydroxide for caibon dioxide may be 


illustrated by several ingenious expenments. One of the simplest is to 
collect a cylmder of carbon dioxide over mercury and then pipette some 
sodium hydroxide solution under the edge of the cylmder TSio sodium 
hydroxide rises to the top of the mercury, absorbs the gas, and the mercury 
nses m the cylmder accordmgly PotassiumJ « 

hydroxide is a better absorbent for carbom | 

dioxide than the sodium hydroxide» beoau 8 c(| | 

when a gas charged with carbon dioxide 1 ® | 

bubbled through a wash-bottle the exit ma^^ | 

become dliokM with sohd sodium bicarj I 

bonate , because the sodium bicarbonate u 1 ^ ^ N ' 
less soluble m water than potassium bicar ^ 1 
bonate (p 662) S | 1 

Solutions of potassium hydroxide are largely j R , j 

employed in analytical work as an absorbent 4 
for carbon dioxide If air charged inth 
carbon dioxide be draivn through a solution |H ■ 

of sodium hydroxide in a weighed wash- I ■ 

bottle, the incieose in weight represents the 1 1 1 I 

weight of carbon dioxide absorbed by the 1 1| I II 

hydroxide If tlie volume of tlie air be known, 1 11 j 1 I 

the amount of carbon dioxide in that volume of { || j 11 

ail follows at once Similarly in gas analysis, / ? J nl j D 

the amount of carbon dioxide is deteimined [|l k i ; — 

from the contraction m volume which a given 
volume of the gas suffers after the gas bos been 
in contact with sodium hydroxide ^ ^ 

The determmation of carbon dioxide m a „„ . , 

IS fitted Tvitli 81 pipette like th&it shown m 

231 charged with a 33 per cent solution of potassium hydroxide in 
water The cyhndncal part is fiUed with short ^Imdrical rolls of mon 
mre gauM 1 to^m mesh The rolls are from 1 to 2 cm long, and about 
6 mm thick The iron does not oxidize dunne a determinatioTi Vtono,, 

It IS protected by the adherent solution oS kvel of tKoS 

amount of carbon droMde abtorbed b^ tt?sotobo?mS mi"® 
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chlondo, normal carLonatoa give a rerlilish iircoipitiifo , bicnrlionato? 
gi^r o no^j)rcpip ifatc 

, Sodium oaibonato orystalliycs from rvator as a dccahydratc 
[NajCO, lOHjO, m monoolimo prisnui, potassium csrbonnto orj'stalliyes 
tho anhydrous salt, KjCO^ The former is efflorescent, the laltci 
deliquescent Tlie solubiUtics of the carbonates and bicaibonntcs of 
lithium, sodium, and potassium — ^grams of salt per 100 cc of uatcr at 
20“ — are as follows 


Lithium 

Carhonnto (R.CO,) lU Jll 4 112 0 

Aoid carbonuto (RHOO,) » r, ft R4 26 '» 

Sodium and potassium bioarbonalos arc thus less soluble than the 
nonnal salts Lithium bicarbonate, like tho bicarbonates of the alkaline 
earths, is more soluble than tho normal carbonate Tlio solubiliU of 
sodium carbonate decreases ivsth rise of temperature omng to the forma 
tion of lower hydrates Tluis between 30“ and 50“, rhombic prisms of tlie 
heptahydrate, NajCOjTHjO, crjstallizo from the solution Crrstsllino 
so^um carbonate, Na^COj lOILO, molts ot G0“, and on prolonged heating 
at this tomperaturof crjstals of the dihydratc, Na_C 03 2H;0, am 
deposited These form tho monohydrate, NaDO^ HoO, if dn«I over 
sulphurio acid , all tho wter is lost at 100“ Hot conccntmled aqueous 
solutions of potassium carbonate deposit crjstnls of tho trihydrate, 
ICoCOa SHjO , these oiyatals, at 100“, lose two molecules of water form- 
ing the monohydrate KaCO^llO Tlie latter become anhydrous at 
ri0“ Aiilij drous sodium carbonate molts at about 850“, and potassium 
carbonate at 880“, mixtures of the two melt at lower tomperatua's. The 
outeetio mixture KjCOj + Na^COg — ^thc so called /fwron mixture — melts 
about 090” 

TJio bienrbonates are transformed into tlio normal carbonates on cnicinntinn 
Sodium bicarbonate is one ingredient of baking powder and it is hence csitisl 
“ baking or cooking sodo " When mivod wstli acid sodium tnrlrnto (cream of 
tartar), wluoh has a fooblo acid reaction carlion diorido is o\ oh cd this putfs iiji the 
(fougli, lionco tho term '* soliemtus ” is somotiincs applied to this salt — tlie suit 
which ncrutos from tho Xaitin sal salt acr air or gas Lflcr\oscont powders 
liko "Soidhtz powder” arc mixtures of sodium bicarbonate with tnrtanc acid 
acid sodium tartrato or some similar acid or salt Tlio inixtiiro reacts when 
moistoned, liberating carbon dioxide Sodium bicnrhonnto is used in mcdicmo 
for neutralizing tho nciditj of tlio stomach 

Sodium carbonate and bicarbonate nro hjdrol 3 zcd in aqueous solution 
NagCO, -I- HjO NaOH + NaHCOg, and the flatter NaHCO, + ILO 
NaOH -h HnCOg , and tho oarbonio acid dissoointcs as indicated above 
HjCOg^f^HgO -h COj Tho condition of equilibrium is therefore sonic 
what complex As a result of the liydroljsis, aqueous solutions are some 
what alkalmo, and lose oarbon dioxide whon warmctl 

Hydrolsrsis of sodium carbonate — ^Reference might now be made 
TO the discussion on the hydroR sis of zinc sulphate, and similar principles 
Man bo appbed to the hydrolysis of sodium carbonate Sodium carbonate 
Bn dilute aqueous solutions isoomplctcly ionized NagCOg ?=* 2Na + CO/ 
nVator, as avo have scon, is but slightly ionized H^O H -}- OH' Tlio 
parbonate ions, OOg*, react wuth the H ions of water to fonn ioch]y 
gonizod oarbonio acid, HjCO, , more water molcoulcs ionize so os to main 
, paiu the equilibrium value HjO ^ H -j- OH' , and tho process continues 


Sodium 
21 4 
11R4 


I’ntavilum 

1121 ) 

26') 
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until the oonccntiation of the carbonic acid molecules has attained th^ 
oquihbnum value H 2 CO^ — 2H + COg" When that occurs, a consider-;! 
able proportion of the H ions from the -water have been “ withdrawn ’’ 
from the solution to form carbomo acid molecules, and an excess of 
ions remam m solution, “ paired,” so to speak, -with the Na ions of sodium 
hydroxide The scheme may be represented 

NagCOg^s^SNa + COg" 

+ + 

2H20=5^20H' + 2H 

% t 

p o 

o o 

W 

An aqueous solution of sodium carbonate behaves m many ways hke 
a solution of sodium hydroxide — turns red htmus blue, etc — and the lomc 
hypothesis thus sho-vre how this action can be referred to the presence 
of an excess of OH' ions If an hydrochlono acid solution be added to 
a solution of sodium carbonate, the H ions of the acid umte directly with 
the OH' ions m the solution to form water, and if just sufficient HCl bo 
added to remove the OH' ions, the solution will contam nothmg more 
than Na and Cl' ions such as would be obtamed by dissolving sodium 
chloride in water The COg" ions of carbonic acid, and the Cl' ions of 
the hydroohlonc acid, are competing for the Na ions, but carbonic acid 
IS very feeble m comparison -with hydrochlono acid . and carbon dioxide 
formed by the dissociation, not ionization, of the carbomo acid is volatile 
under the conditions of the expenmtot and escapes from the solution. 

Calcium carbonate and bicarbonate — Calcium carbonate has been 
previously studied, p 329 Calcium carbonate is precipitated when a 
soluble carbonate, sav, sodium carbonate, is added to a soluble calcium salt 
J^^ 3 .=b-NaoCOg = CaGOg -j- 2N$iCl , Calcium carbonate is also precipi- 
tated when a current of carbon dioxide is passed mto hme.-water Ca(OH) „ 
+ _ Hence clear hme-water is rendered tiirbid' by 

contact with carbon dioxide Tbs is a common test for carbon dioxide 
Batyto water is still more sensitive If an excess of carbon dioxide be 
passed through the solution, some of the calcium carbonate redissolvos 
Md If the solution be not too concentrated, the turbidity may be olanfied 

law IS due to the formation of a soluble calcium bicarbonate, Oa(HCO ) 

acid oalmum cartonate or calcium hydrogen carbonate Ca00a_4- H,0 

ao^Sc^SS ■' carbonates will appear fmm 


®>0-0 O=C<g^TO^0=O Oa<g>c=.o/ 

Carbonic acid 4cid calcium carbonate JTormol calcium 

rni j , carbonate 

carbonate is not very stable and it cannot be isolated bv 
concentratmg the aqueous solution, smee it decomposes on exposure to 
the air owmg to the escape of carbon dioxide and the preSSn S 

Aefs '*'n s Sd" 


4cid calcium carbonate 
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C.a(HC08)2 +-,Ca(DH)2 = ZCaCOg 4-,2HaO The bicarbonates of the alka* 
flmo earths have been isolated by mmng solutions of ammonium or 
potassium bicarbonate with the corresponding chloride all cooled to 0° 
With calcium chlonde, potassium bicarbonate furnishes a white crystalline 
precipitate with the ultimate composition Ca(HG03)2 

The carbonates are not quite insoluble in water , 100 c c of water at 
8 8“, dissolve 0 0016 gram of bamim carbonate , 0 10 gram of calcium 

carbonate , and 0 008 gram of strontium carbonate. Pure calcium car- 
bonate imparts an alkaline reaction to water, probably owmg to hydro 
lysis 2Cp Cp3 + ^ Cal HGO^L + CafOH^ The precipitation of 

the carbonates of ttie ajkabne earSis liy ammomum carbonate is a rever- 

pble reaction CaClg -j- (NH^ljCOa ^ CaCOj 2NH4CI Hence an excess 

pf ammonium carbonate' favoura“mofe"’ 'complete "preeipitation, and the 
bresence of ammomum chlonde leads to a resolution of the precipitate 
iMagnesium carbonate is hydrolyzed by much water, and a basic carbonate 
IS precipitated A basic magnesium carbonate is precipitated by adding 
sodium carbonate to the solution of a magnesium salt The composition 
of the precipitate depends upon the temperature, concentration, etc , of 
the solutions at the tune of precipitation “ Magnesia alba ” of commerce 
has approximately the composition (3MgC03Mg{0H)2'' Some consider 
that the normal carbonate is first formed and immediately hydrolyzed by 
the water The insolubihty of magnesium hydromde leads to its joint 
precipitation With the carbonate 


, The carbonates of zino, mercury, lead, and copper, like magnesium, 
|aro readily hydrolyzed, and produce basic carbonates In the case of 
Ssolutiona of salts of iron and aluminium, alkahno carbonates precipitate 

I jtho hydroxides It is supposed that the hydrolysis of the carbonate is 
iherc complete Normal zinc carbonate occurs native os calamine, ZnCO^, 
'and the normal carbonate is precipitated from soluble zinc salts by potas 
sum hydrogen carbonate The excess of carbon dioxide is used to prevent 
hydrolysis. Gadnuum does not form a normal carbonate 


§ 7 Lead Carbonates— White Lead 

Normal lead carbonate, PbGOg, is precipitated when an alkahno 
bicarbonate is added to a soluble lead salt os in the case of zme , a basic 
carbonate is precipitated if normal alkahne carbonate is used. Native 
lead carbonate, PbCOj, is called cerassiie It is isomorphous with arago- 
nite, GaGOj, and withente, BaCO^ Barium does not form a basic car- 
bonate, and it does not lose carbon dioxide so readily as lead carbonate 
The lattei decomposes at about 200“ mto lead, monoxide and carbon 
dyrslde , and at the same temperature it is readily reduced to the metal 
by carbon monoxide The most important basic lead carbonate has 
approxim^ty the composition 2EbC03Jeb(PH;)2 . it is known as » white 
leaa White lead is largely employed os a pigment, and 111 the mami- 
factmc of po^ty glazes It is made by a number of different processes 
11 process of manufacturing white lead —The old so 

^caUod Dutch vmegar process— said to have been “old” in 1662—18 
supposed to give a better product than any other procesj* A layer of 3 nor 
TOnt. IS pja^ied m tee bottom of a largo number of tirthenwiro 

pots A roll of tern metolhc lead is placed on a shoulder in tee pot above 
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I Boanis - 
lea<S straps 
Add pats. 
Tanbark ... 

( Boards ... 
Leadstraps. 
Addpot’i _ 
Tanbark .. 
{Boards — 
FIRST ) lead snaps. 


Tanbark .. 


THIRD 

TIER 


SECOND 

TIER 


the acetic acid The pots are placed upon a bed of spent^ 
the leather tanning yards ^ The layer of pots is covered: wth boards 
A layer of tan bark is placed on the boards, and then a second rovr of pots 
snmlarly charged- A chamber is nearly filled -with pots in this man^r 
There are many vanations in the methods of placing the pots, etc hor 
instance, in Cookson’s irorks. » straps ” of “ blue ” lead are laid over rom 
of plam pote as lUustrated m Fig 232 The pots are charged vnth aeid 
as before, and rested upon tan bark, and boards, resting on supports A, 
separate one layer from another The lead acid pots and tan bark are 
thus confined in a senes of httle chambers In about tirelve iveeks, mort 
of the lead vnU have been transformed into compact masses of •white lead 
The stacks are then unloaded and the white lead is crushed in a mill , any 

lumps of unchanged lead Tanbark 

are removed The white 
lead is then ground up 
with water , passed mto 
settlmg tanks, and finally 
dned. 

The reactions which 
occur in*'ea3E^‘6h’ambei! 
are probably as follows ; 

The heat developed by „„„ 
the decomposition of the| TIER 
ton bark volatilizes tho 
acetic acid winch forma 
a basic lead acetate ^ 

For convenience in Avrit-' 
ing the equations, put A,< 
for tho radicle of acetic 
acid and the acetates, viz :_ 

CjHgOg The reaction just mentioned is symbolized 2HA + 2Pb Oj 
=PbA2Pb(OH)2 The basic acetate so formed is decomposed by the 
carbon dioxide evolved during the decomposition of the 'tan bark A*^ 
mixture of normal lead acetate and basic lead carbonate is formed 
3[PbA2 Pb(OH)2] + 2CO2 = SPbAa + 2PbC03 + 2H2O The' 

lead acetate m the presence of air and moisture reacts -with more lead,, 
forming more of the basic lead acetate 2PbA2 + ^Pb + Oj + 2H2O = t 
2[PbA2.Pb(OH)_,] A small amount of lead acetate will thus servo for thel 
manufacture of an indefinite amount of white lead j 

The chamber corrosion process — ^In this process straps of “ blue ” 
lead — about six mches "wide and over a yard long — are hung on a senes of 
honzontoJ bars arranged in tiers Air, acetic aci d va pour, steam, and 
carbon dioxide, are .admitted mto jthe "chamber miintained H the mort 
favourable temperature In about forty five days the ohambeis are 
drawn,” and the corroded lead is washed, etc , as before 

Many other more rapid processes have been proposed, e g elcctrolytio 
piocesse^ In ThenacdCs-ptocess oaibon dioxide is passed mto a solution 
of basic lead acetate mode by boiling litharge uith load acetate The rapid} 
processes may furnish a product of equal chemical purity with tho stackl 
preccsses, but tho consumer frequently prefers uhite lead made by thof 

' Wot hay or dung has obo boon used 
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' older and more oxpcnaivo stack process The difloroiicc befcw ocn n Into luvd 
made by the dilforcnt processes is not a question of chemical composition 
The oovcnng poiror of irlnto lead made by the stack and corrosion pro 
[cesses is usually greater than that prepared b^ other processes As a result 
less wrlutc lend is needed to impart to n gti on surface a gii on degree of 
.opacity IVliito lead is liable to turn 3 ollon or bronn when exposed to 
the air of towms omng to the formation of lead sulphide, PbS For some 
purposes, therefore, ■nhito paints made from zinc oxide, lead sulphate, or 
banum sulphate arc prefen cd in spite of their low co^ enng power 

§ 8 Hard and Soft Water 

Water comes xcrj'ncar to the “unnersnl solvent" (p 16S) of (ho 
'ilchonusts’ dreams Natural water holds carbon dioxide in solution, and 
when such water comes in contact inth ningnesiiim and limestone rocks, 
some may be disaoUcd Wat<.r holding ningncsinm and calcium salts m 
solution is said to be hard Tlio term is applied on iiceounl of the diHi 
oulty of obtaining a soap lather with sucli water Soap is a compound of 
sodium wuth a fatty acid Tlic soap is decomposed by magnesmni or 
oalomm salts Tlie fattj nud unites wnth the latter to form an insnliiblo 
Cindy precipitate. Tins notion continues until all the lime and magiiLsinn 
salts hnyo been precipitated Anj furtbtr addition of soap at once pro 
duces a lather, nud the soup can then be ii'^'d ns a cleansing agent If n 
solution of soap of definite strength and a definite yoliime of water lit 
cmplojcd, the hardneas of a giyen sample of water can be represented in 
forms of the amount of soap required to produce a lather Tlie linrdmjss 
o£wntcr thus refers to the “soap dchlto,y.ini^po.w u* * * of the water an(l_it 
is^ixprcsscd in degrees Hac}Zdq/K(uof hardiicM corresponds wiOi. ons ffcUV} 
ofcaktvm carbonate, or jls tquualcnl tn olh r calcium or magnesium sails jtrr 
gmon of water, Hardncs.s is also exprtssid in parts of calciunr tarboiiati , 
01 its equivalent, per 103,000 part s of water Wntirs coutnming but small 
quantities of lime and mngnesmn salts lather freely with soap and thty 
are accordingly called soft waters A water kss than 5® hardntKs ma\ l>o 
callctl “soft,” and a water between IS® and 20® hardness m “medernteh 
hard,” and if oier 30® hardness, “ aery hard ’’ Ven soft watorh are liable 
to attack metals like lead, zinc, and iron 

The process of romowng lime salts from hard water ib called softening 
the water In tlie case just cited, soap is the softening agent If the 
hardness of the water bo duo to the presence of aoid carbonates of calcium 
or magnesium, mere boihng will soften the yvater because, as, indioaled 
above, the acid carbonates are then decomposed, and the normal carbonates 
ore precipitated procjMsJor softening water (18^11) the neccs 

sarj’ amount of mnk of lime or lime water is added to'coniert nil the acid 
carbonates of lime and magnesium into the normal carbonate Wo have 
lio mJihB ^ c i in ous paradox>^,illjidd.hmi .itOixeinoMxJimc ” The thoora of 
the action has been previously disouased p 004 ^ 

Koxd water may bo wholly or partially softened by boiling Tliat part 
of the hardness so removed is termed temporary hardness , the degree 
of hardness wluoh remains after prolonged boding is oallcil permanent 
hardness Tcniqjoraij harness i^ to thcjiresqnoo _of calcium and 
^magnesium bioarbouates, penmmurf hardness m du o~\n~th,> 
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.of caTcm in . *ind magics, lum cl^lo ndes -pr s ulphatt^a ^ After removing the 
tempoiary hardness, if present, by boiling oi by Clark’s lime process, 
the permanent hardness may be removed by the addition of sodinm oar 
bonate The soduinuoarbonate precipitates the calcmm and magnesium 
ns msoliible carbonates CaSO^ + NagCOa = CaCOj + Na 2 S 04 The 
water still contams sodium sulphate and sodium chloride, but the presence 
of a small quantity of these salts is not usually objectionable >Sodium 
carbonate remove temporary as well as peiinanent hardness The 
processes used for softenmg potable hard ivater may thus be summaiized 
(1) Dis tillation, (2) Boihng, (3) Tlie addition of hmejwth^or^'snthqut 
ash or other chemicals ^The former is jisvially.too expensive 
The Report of the Rivers Pollution Commission classified impollutetl 
water as is shown in Table XLIX , which represents the average of a 
number of analyses of each tj’pe 


Tablf XLIX — A-vrRAGP CeMPOsixioh or TTuroi toted Natueau Watfks. 


Class of Water 

*3 

*3 

CO 

:§ 

1 

Organic carbon 

Organic nitrogen 

Ammonia 

Nitrogen (nitrates 
and mtntcs) 

Total combmed 
nitrogen 

Chlorine 

Hardness 

Temporary 

q 

0 

q 

GS 

1 

Totol 

Ram 

1 

2 Ofi 


0 016 

0 020 

0 003 

0 042 

0 822 

1 04 

06 

0 0 

Upland surface 

9 97 

0 322 

0 032 

0 002 

loooo 

0 042 

1 130 

1 6 

4 3 

6 8 

Deep well 

43 78 

0 001 

0 018 

0 012 

0 4D6 

0 622 

6 11 

16 8 

92 

26 0 

Spring 

23 20 

0 060 

0 013 

0 001 

1 

0 383 

0 306 

2 40 

110 

76 

18 6 


Boiler scale —The “furring” of kettles, and the formation of “boiler 
scale,” IB due to the precipitation of calcium and magnesium salts Boilei 
scale is a poor conductor of heat, and hence the efficiency of a boiler 
wluoh has “ scaled ” is seriously impaired The boiler soalo and the metal 
have different rates of contraction and expansion by heat If the water 
in the boiler gets low, and the metal oveiheated, the “ scale ” may separate 
from the metal If cold water now runs into the boiler, the scale quicldv 
cools, contracts, and cracks Water pours through the ciacks on to the 
hot metal , a large volume of steam is generated, and the sudden pressm-e 
may be great enough to burst the boiler Hard water in steam boilers not 
only pri^uces “boiler scale,” but it may corrode the boiler shell and 
cause foaming ’ and “bumping” The corrosion and pitting of l^ilers 
IS usuaUy produced by soft waters from swampy districts which contain 
organic acids in solution , by water from miWg distncts contaimng 
^eral acids m solution {e g sulphunc acid from the omdation of pyntef 
T magnesium or calcium chlondes and 

hLvfbLn for preventmg boiler scale and corrosion 

liavo been proposed In some, the water is treated before it enters tlm 
taler, m others, the ™tor rt „ the hoJer fcK 

-vetoes.”. .».ol«b.ht, ot ,„.p ,n 

wtwfaotoiy for such Sra "o fmriy 
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agents to used, tlioy must be obcap, easily applied , yield no ncid nlien 
used , and precipitate the salts irliich make the water hard m a flocciilont 
powdery condition easdy blown from the boiler. 

Among the commoner agents arc sodium or oalemm h^ drovido. and sodium 
carbonate discussed above . sodium aluimnato, N'aAIO., which acts as represented 
by the equation 2NnA10. + Cn(HCOi)» + 2H.0 = No-COj + 2Al(OH), + OaCOj 
sodium iluonde Mhich acts 2NaF + Ca(HC 03 )» = 2NnHCOa + CoF. , normal 
sodium phosphate, which acts 2 ^ 031*04 -}* SCnSOi = 3NajSO| + CaslFOi)., oto 

Hard water in nature — Water higWy charged with dissolved oaloiuiu 
bicarbonate may bo dnpping through the roof of a cave or subterranean 
cavern Some carbon chovidc escapes from the solution, and a certain 
amount of calcium carbonate is deposited Each drop ad^ its own little 
share of calcium carbonate The deposit grons — maybe on tlie roof, iihero 
it IS called a stalactite, maybe on the floor, when it is called a stalag- 
mite All de^nds upon the time oecu^^d by each drop in gat&mng 
anil droppmg Tlie stalagmite grows upnards from the ground, and the 
stalactite grows downward, like an icicle, from the roof In time, the two 



Tio 233 —Stalactites and Stalagmites in the YnrmngobiJly Caves, N S W i 


may meet and form a pillar Fig 233 conveys but httle idea of the 
beauty of some limestone caverns m which stalactites and stalagmites 
ha,ye been ^omng The photograph shows stalactites, stalagmite, and 
^lars which have no doubt been formed m this manner The San 
Filippo spring (Tuscany) is said to deposit “ hme ” at the rate of 12 inolies 
a month, and the spring has formed a bed of limestone rock 260 feet tluck. 
y miles long, and ^ mile wide The buildmg stone called iratertme (Tiber- 
^ne) IS probably a limestone deposited from a mineral spring The 
Colosseum and much of ancient and modem Rome nere built vv^h tlus 
stone 


• Given me by the Agent General, N S W 
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§ 9 Alkali Manufacture 

Before 1793, sodium carbonate uros made from the ashes of seaweeds 
and ;potash carbonate from the ashes of land plants Several methods 
were knoivn at that time for convertmg sea salt mto sodium carbonate, 
ejr K. W Soheele, about converted salt mto soda by treatmg a 
solution of salt w ith lead pa de and passmg carbon dioxide mto the filtered 
solution When Napoleon closed the Europemi ’pOTls’^to English and 
Amencan ships the mam sourocs of supply of sodium carbonate and pot- 
ashes were cut off To ease the demand, Napoleon offered a prize of 
100,000 francs for a process of manufoctnrmg soda from common salt 
The pnze was won by N Leblanc, 1794, who proposed a method of manu- 
facture which has held its own for over 100 years, although it has had a 
serious rival m the ammoma soda or Solvay’s process , and both pro 
cesses have to compete agamst electrolytic processes Had it not been 
for the commeroial value of the by-products of Leblanc’s process, there 
can be httle doubt that it would have been ousted long ago 

Electrolytic processes — ^The eleetrolytio processes of manufacture 
depend upon the formation of sodium hydroxide during the electrolysis 
of aqueous solutions of sodium chloride The ohlonne obtained as a by- 
product 18 used in the manufacture of bleachmg poivder Tlia hydroxide 
IS converted into sodium carbonate by treatment with carbon dioxide 
Mluch IS obtamed as a by-product m the fermentation industries, etc’ 
Everything is utilized so that the cost essentially depends upon the puce 
of the current used ^ 


§ 10 N Leblanc’s Black Ash Process. 

In studying the principle of the Leblanc’s process it will be convenient 
to take it m different stages 

I Conversion of sodium chloride mto sodium sulphate— salt-cake 
—The first stage in the process is to convert the sodium chloride mto sodium 
sulphate by the action of sulphuric acid The reaction has been nre- 
viously discuMed, p 440 The product of this reaction is sodium sulphate 
also called, salt cake * * 

salt-cake into black ash— The salt-cake is 
mxed with limestone and coal, and heated to a high temperature in a 
reverberatory fuma^ (black ash furnace) , or m a furnace ivi^ a revolvmg 
cylmder so a^nged that the hot gases from the furnace pass through 

.^^^-yfegfec TOtains the mi^ re of salt-cate 
^e8tong,_aud^ke, and,the_,6low.revolution of tfiSg^der'ensureilKe 

xeacts withVhmelne 

to 33 p., „eat cal.™ 
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calcium caibonatc, G to 10 ixir cent , coke, 4 to 7 per cent , and Rinaller 
quantities of sodium sulphide, sodium chloride, iron oxide, etc 

3 Extraction of sodium carbonate from black ash — ^Tlie black ash 
IS rapidly lixiviated intli Marm Mutei so that as little natcr as practicable j 
mil bo used Tlio vratcr passes through a scries of tanks containing the , 
jnihcnzed ash Fresh invter passes through the tank containing the ash ' 
uhioli IS almost all extracted, and the miter, almost saturated, passes 
through the black ash fresh from the furnace The tank liquid is alloiml 
to settle, and then concentratetl b> cxaporation in shalloM pans heated 
by the nasto heat from the black a^h furnace Tlic product of the 
evaporation is then calcined — it is called crude soda ash The latter ift 
further pnnfiotl b> cximsiiig it to a current of hot air in order to oxidiro 
the sulphides to sulphates. The sulphides impart a slight xcllow tinge (o 



Fio 23 1 — RovoU mg Bind Ash rwmnee 


the mass Tlio soda ash, Na_COj is then cr\slalli7ed from water if soda 
crystals (mishing soda) arc wavnt^ — ^No-jCOj lOH O 

The action of water on black ash during the waishing ini oh es a com 
plox senes of ohcmioal changes. The free lime of the black ash rticts 
waththo sodium carbonate, forming sodnim'hjdroxide and calcium car 
bonatc , the caloium sulphide reacts with sodium carbonate, forming 
sodium sulphide and calcium carbonate , the oxj'gon of the air oxidizes 
the caloium sulphide to calcium sulphate, which in tum reacts with sodium 
carbonate, etc All these reactions reduce the jicld from the process. 
Tlie tank liquid is sometimes treated mth carbon dioxide so ns to com i rt 
the caustic soda and sodium sulphide into sodium carbonate 

4 Recovery of sulphur from the tank waste by C F Claus and 
A M Chance’s process — ^Thc residue m the tanks remaining after the 
sodium carbonate has been extracted is dried, finely powdered, and sus 
pended in water Carbon dioxide is forced through the liquid and 
hydrogen sulpludo is driven off CnfSH), + COo + H„0 = CnCOa + 2H R 
The hydrogen sulpludo mixed wath sufficient oxygen to bum the hydrogen, 
but not the sulphur, is passed into a kiln containing iron oxide By cata 
l ytic, aotio n, the iron oxide accelerates the oxidation of tile hydfogen 
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sulphide 2H2S + 02 = 2H2O + 2S Most o£ the sulphur which separates 
collects as a molten fluid at the bottom of the kiln or in an adjoimng 
bnckwoik chamber, and is periodically run off About 86 per cent of the 
sulphur IS thus recovered and used agam for makmg sulphuric acid ' The 
cade of iron is gradually converted mto sulphide, and this is perhaps more 
efficient as a catalytic agent than the onginal omde Tank ivaste can also 
be used for the manufacture of sodium thiosulphate {qv) 

A factory in nhich soda ash is made is called an “ alkah works ” A 
works usmg the I/eblanc process is divided mto several departments 
(1) The acid works wheve sulphuno acid is made , (2) Salt-cake works , . 
(3) Black-ash works and hsaviation , (4) White-ash (soda ash) works , \ 
(5) Bleaching powder works where the hydrogen ohlonde from tho salt- 
cake works IS converted mto chlomie and the latter converted mto bleaching ! 
powder , and (6) Sulphur extraction from tank waste 



§ II. The Ammoma-Soda or E Solvay's Process 

This process depends upon the fact that when a concentrated solution 
of sodium chloride is saturated with ammoma, and carbon dioxide is 
passed through the 
nuvture, sodium hydro- 
gen carbonate is pre- 
cipitated, and ammonium 
cMonde remains m solu- 
tion NaCl + NH^HCO, 

?=^NaHC03+NH4a If 
sodium carbonate is 
needed the bicarbonate 
18 calcmed 2NaHC03 
^NajCOg + HsO + COa 
This carbon dioxide 
forms part of that used 
in the first stage of tho _ 
operation The mother — ^Illustration of Solvay’s Process 

hquid remairang after the separation of sodium bicarbonate is tieated 
mth hme obtained by burmng Innestone CaCOa = CaO + C0„ and 
the ammoma is recovered ‘ 2NH4CI + CaO = CaCl, + HoO +“2NH, 
Ihe am^nia and carbon dioxide evolved m these two operations are used 
^in Thus oalmum^nde is the only by-product which is not utihzed 
Ihe ptocess^n ^iUustrated by connectmg an apparatus. A, for goneratmff 
a^onia, Eig 235, and an apparatus, B, for makmg washed carbon 

^ “ saturated solution of sodium chlonde 

and fitted with four perforated iron discs as shown m the diasram Thn 

soluhon T in a beaker of water The 

wlubon is fi^ saturated with ammoma, and then with carbon dioxide 

'”'"'’‘>"■“0 o» the 

Bj^SSmm^carbonate. cannot be made bv Solvav’s nropitno i 

bonate of commerce is made by Leblanc’s process Tt is 
potass-on. ohlondt or ».pLto orthoTtS..tl^4 
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carbon dioxide into a solution of potassium chloride containing magnesium 
chlondc A complex double compound of magnesium carbonate and 
potassium hydrogen carbonate is formed This is decomposed by steam , 
the magnesium is precipitated as hydroxide, and the clear solution is 
I /'evaporated for potassium carbonate. 


§12 Percarbonates 


E J Constam and A von Hansen (1896) found that when a saturated 
aqueous solution of potassium carbonate is electrolyzed at a temperatuTo 
below — 10 ®, a sky blue precipitate separates, which, when dned over 
phosphorus pentoxide, is nearly white The precipitate is a mixture of 
potassium carbonate and pota^ium percarbonate — KjjCjOg or KCO 3 , 
which may be graphically represented by one of the formula 


, ^ 0=G<°?L^°>C=0 or 0=C <Q~Q g ^Q^ C==Q 

which recalls that given above for acid calcium carbonate Neither the 
aoid HjOgOg, nor the anhydride CjOg has been isolated The percar- 
bonate decomposes on gentle warming, givmg potassium carbonate and 
a mixture of carbon dioxide and oxygen 2K^C,Og = 2K^COj + 2COj 
-f O 2 It furmshes hydrogen peroxide when treated ivith dilute sulphuric 
wid or dilute alkabes s=, 2 KHS 04 + 200 ^ 4 --H„ 0 _ 

^QgQn . -I~ 2KO H 21 LiC 03 ^ 4 - JIjOj The salt thus acts os a strong* 
oxidi 7 ingjigont_liko hydrogen peroxide For instance, it comorts load 
(^fa?J ,lfi^ ,lP ^su Iphatp.^(PbSC) 4 ). .bleaches .mdigoT^ It foriii s 
i^i m anganese and lead dioxides the corresponding carbonates, and at 
the same time i^uces the dioxide PbOj +^ 1^3206 = PbCpa + KCOT” 
Tlre“ilry salt keeps unchanged for an"mdelimtc period, and some 
accordmgly prefer potassium percarbonate to less stable salts as a source 
of hydrogen peroxide m certam analytical operations oxidation of 

a lphides to sulphates, chromic salts to chromates, hypoohlontes to 
londes, titamum and vanadium to the coloured peroxides, etc A 
n^r com^und, isomeric with K^CjOg prepared by eleetrolysis, can be 
made by the action of corbon dioxide on a cold solution of sodium 
peroxide This compound behaves differently towards a solution of 
potassi^ iodide whether added as sobd or as a solution, and differently 
from the percarbonate prepared by electrolysis. 

S Tanater (1899) prepared yet a third percarbonate by dissolvmg an 
alkalme carbonate m a 3 per cent solution of hydrogen peroxide, and 
after a few minutes, precipitating the salt by the addition of ether The 
same salt is obtamed by the action of corbon dioxide on a solution of sax 
^um peroxide in water The salt has the ultimate composition N^CO.’ 

^ acid H 2 CO 3 corresponds with sulphurous acid H,SO,, so the 
salt N 03 CO 4 might be supposed, at first sight, to correspond with salts of 
Bulphunc acid— , but the constitution of Tanater’s percarbonate is 
generally taken to bo 


®~®<0-0Na 

Salte of the typ^a,CO<-aro called monoperoxycarbonates, and salts 
of the typo Aa,Oj06.,aro called monppecoxydicarbqnates The acid 
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corresponding with HjCO^ has not been prepared The aqueous solutions 
of the salt Na,C 04 readily decompose into sodium carbonate and hydrogen 
peroxide On heating, the salt forms sodium carbonate and oxygen, but 
no carbon dioxide 

Some of the 80 >oalled percarbonates prepared by the action of 
hydrogen peroxide on the carbonates seem to contam “ hydrogen per- 


oxide of crystalhzation ” — eg 


Rbj.CO, 


SH^Oj — and these salts hberate 


very httle lodme from a neutral solution of potassium iodide under con- 
ditions where the true percarbonates give a quantitative yield of lodme. 
It may be added, ere •passant, that similar remarks apply *to the sulphates 
and persulphates Hence, a distinction must be drawn between the true 
peroxy-salts, and salts contaimng hydrogen peroxide of crystalUzation 

CVrt 

§ 13 The Solubility of Gases m Liquids 

Our study of the solubihfy of gases m liqmds (p 168) may now be 
resumed T^^soluMity depends upon the natoe of th e gaa and, o f the 
solssot,-fifi_well jis upon the temperat ure and T>re 8s uro of th e ^stm. No 
“ co mm on ” solubihty has been observed, and we have no" generalization 
of such wide apphcabihty as Boyle’s and Charles* laws Some gases are 
only shghtly soluble in water, others dissolve very copiously One volume 
of water, at normal temperature and pressure, will dissolve 1200 volumes 
of ammoma, and but 0 021 volume of hydrogen 

Kinetic theory of gaseous solution — ^The kmetio theory of gases' 
furnishes a mental picture of the process of solution of a gas in waterJ 
Suppose that a gas free liqmd be brought into a vessel containmg a gas | 
The molecules of gas impmgmg upon the surface of the liqiud unll be! 
absorbed The dissolved molecules move about in the hquid in all* 
directions, a small number escaiie back mto the gas above As the mole-, 
culea of the gas crowd more and more in the hquid, the number of mole-j 
cules absorb^ by the hquid becomes more and more nearly equal to the' 
number which escapes back into the supenneumbent gas If the pressurcj 
of the gas remains constant, a time come when the number of gasl 
molecules which leave the hquid will be equal to the number absorbed ^ 
The system is then m a state of dynamic equihbnum resembhng thef 
equilibrium of a vapour m contact with its own hqmd, and the solution 
IS saturated with the gas under the given conditions of temperature and* 
pressure ; 

^2 gas ^ O 3 sol 

The surface of the hqmd m contact with a dissolvmg gas must be very ' 
quickly saturated with the gas, and the rate of absorption of a gas by a ^ 
liquid at rest is really a measure of the rate of diffusion of the gas from ‘ 
the surface through the body of the hqmd The molecules of the hqmd 
murt have some attractive influence on the molecules of the dissolved gas^ 
of pr^ure —With gases which are not veiy soluble in 
liquids, ^e greater the pressure, the more soluble the gas , that is the 
peater ^e ^ssure, the greater the concentration of the gas in the solu- 
tion W Henry (1803) discovered an important rclataoVbS^^L th^ 

'? provable that tlio attrnotno forces botuoen tlio molociilno i 

and tho dissolving gas dotorrnino llio coofficiont of solubilitv of tho diffLmf 
otto™*, a.ov,u .to 1^. 
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prcs<mi8 and the solubility of a gas Under a total pressure, p, of 2 atmo 
spheres, a saturated solution of gas holds in solution tviice os much gas by 
weight, to, as under a total pressure of 1 atmosphere Otherusse expressed, 
w/v ccffl stant. Accor^ng to Boyle’s law, the ooncentrat'on of a gas, 
or the amoui^^ gas to in an onolosed spaoc, is proportional to the pressure 
One volume of a gas at atmosphono pressure will make half a volume 
of gas at a pressure of 2 atmospheres Under a pressure of 4 atmo 
spheres, a saturated solution of gas holds four times os much gas in solu 
tion as it did under a pressure of 1 atmosphere, but four volumes of gas 
at atmospheno ■pressure occupy but one volume at a pressure of 4 
atmospheres Hence folloirs . Heniy „’s^.la w undy e qua l circumstances 
of temperature, water takes up in aJlQa^ the' same vo^lurne (c) a 
CMwensed^as as of gas under ordinary pressure ” Thati^o sa}', 
c/p = a constant Tliejaw thus desonj ies t he behayionr of the less soluble 
gases very well=<!arboiunonoxidej jntrpgen, hy^ogon, oxygen— but not the 
more soluble gases like ammoma, hydrogen chloride, sulphur dioxide 
Tfie^eviafion is not very great' with carbon dioxide, though it is appro* 
ciablo 

Pressure (p) 1 6 10 16 20 26 30 otms 

Solubility (c) 1 80 8 66 16 03 21 06 26 66 30 66 33 74 vole per c c 

o/p 1 80 1 73 1 60 1 46 1 33 1 22 1 12 


The graph. Fig 236, represents the observed values of p and c , and 
the dotted curve m the same diagram represents nhat the graph would 

have been hod 
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weights of oxygen and cane sugar are related as 32 342 2 , and since osygent 
gas has a molecular weight of 32, it is assumed that cane sugar if it couldl 
be vaponzed. and if its gas obeyed Henry’s law, would have a molecnlar| 
wei^t of 34S 2, because, as mthcated above, the molecular weights of 
substance in solution and in the gaseous state are the same 

Henry’s law^and the kinetic^ theory — ^The gas is in equihbnum with 
its own solution when the number of molecules which escape from the 
solution IS the same as those which ate captured by the solution m a given 
time. By, say, doubhng the pressure the molecular concentration wiU 
be double^ the gas molecules will be crowded more closely together, and 
the rate at which the solution captures the molecules will be mcreased 
twofold for the new state of equilibrram. Similarly the rate of escape 
wQl be doubled, and consequently the 
number of dissolved molecules be 
doubled. Hence variations of pressure 
do not alter the relative number of 
molecules per unit volume of solution 
and of gas , and the to^ume of gas dis- 
'olved will be independent of the pressure 
on the gas, while the weight of gas ^solved 
will be directly proportional to the pressure 
Measurmg....the..Jsolubihty,' of . gases 
— The solubility of gases in a hquid can 
be convemently detenmned m the follow- 
ing apparatus, modified from that used by 
R. Eeidenbam and L. Meyer (1863) The 
pipette (7 (Fig 237) is filled with a measured 
volume of the hquid under mvestigation 
It is coimected with a Hempel's burette 
by means of a piece of metal tubmg of 
narrow bore The gas under mvestigation 
IS mtroduced mto the measunng tube A, 
nd the three-way cocks G and A, by first 
raismg and then lowenng the levelling tube 
B A definite volume of hqmd is then run 
from the pipette C by opemng the lower 
cock and putting the pipette O m com- 
mum^tion with the burette A certam amonnt of gas enters the 
pipette contents of the pipette are then agitated^ and when^ 

^ saturated and the meremr m the 
Ij^ellmg tube are at a constant level, place the lower end 
of the abso^tionpi]^e beneath a vessel of mercury, andbrmcthehouid 
m t^ pipette to its former level The dimmution of the voW of n 

Iiqmd ™? k dissolred m o 
gas ^ ae ^ a, 



Fig 2^7 — ^Determination of the 
Solubility of Gases 
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law iR a law of distribution for gases because it describes the way a gas 
distributes itself between the solvent and the space above Henry’s law 
also descrijies the condition of equilibnum of a gas uhoso molcoules ai’c 
physically and chemically independent of each other, and of the solvent 

The influence of temperature — ^The solubility of a gas in a liquid is 
very sensitive to changes of temperature The higher the temperature, 
the less the solubihty of the gas. The solubihty curve for hehum is not 
' much affected by changes of temperature up to 60®, but what little effect 
there is seems to indicate that the solubihty of the gas increases as the 
temperature nses from 26° to 60° Hydrogen was once supposed to 
behave m a similar way, between 0° and 26°, but later, more careful measure- 
ments show that the solubility decreases steadily from 0 0214 at 0° to 
0 0171 at 26° 

§ 14 The Solubility of Mixed Gases— Dalton’s Law 

When a mixture of two gases is exposed to the action of a solvent, 
the quantity of each gas dissojived by the liqmd depends upon the amount 
and tlie solubihty of each gas present The amount of each gas deter- 
mines its partial pressure, and smee tlie partial pressure of each gas 
IB independent of the others, it follows that when a mixture of gases is 
exposed to the action of a solvent, the amount O 'f e ach gas which is 
dissolved ^by_the solvent is proportional to the. p^ili^ pressure "of 
the^£is Each gas behaves as if the others ivcre absent This is Dalton’s 
law It IS a simple extension of Henry’s law 

Apphcation to air — ^^Vhon air containing, say, 79 volumes of nitrogen ' 
and 21 volumes of oxygen, and 0*04 volumes of carbon dioxide, is shaken 
up ivitli water, the amount of each gas absorbed by the water can be 
approximately computed in tlie following manner The relative solubih 
ties are nitrogen, 0 02 , oxygen, 0 04, and carbon dioxide, 1 79 The 
partial pressure of each gas is proportional to the relative amount of that 
gas present in a given volume of air If the pressure of air be just one 
atmosphere, the partial pressure of the mtrogen ivill be proportional to 
10 79 X 1, of oxygen 0 21 X 1, and of carbon dioxide, 0 0004 X 1 
t Hence the relative amounts of these gases absorbed bv the water wall ^ 

J nitrogen, 0 79 X 0 02 = 0 0168 , oxygen, 0 21 X 0 04 = 0 0082 , and 
“•carbon dioxide, 0 0004 X 179 = 0 00072 Hence 1 oc of w-ator dis- 
^solves 0 0168 c 0 of mtrogen , 0 0082 c c of oxygen , and 0 00072 c c 
?of carbon dioxide The oompoation of the dissolved gases, if removed 
ffrom the air by boilmg, or exposure to a vacuum, i^l be mtrogen, 
1 03 9 per cent. , oxygen, 33 2 per cent. , carbon dioxide, 2 9 per cent 
I The relatively lai:ge solubihty of carbon dioxide is counterbalanced 
I by its low partial pressure, otherwise we might expect a heavy 
I ram storm to remove a great part of the carbon dioxide from the atmo 
{sphere Mallet has based a proposal to separate oxygen from atmospheric 
i air on the action If the carbon dioxide bo remov^ by passing the air 
r through an aqueous solution of sodium hydroxide, the oxygen and nitrogen 
^in the remaimng gases after the first absorption will bo nearly 111 the pro 
■ portion nitrogen 66 7 per cent, and oxygen 34 3 per cent If this 
t mixture be driven from the water by boihng, and the mixture again treated 

1 Kegleoting argon, eto. 
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with air-free water, a gaseous nratere containing 40 per cent of osj’gen 

15 obtained , and after the eighth absorption, a gas containing 98 per cent 
of osygen resnlts. The method is not practicahle though it is an interesting 
apphcation of Henry’s and Dalton’s laws 

EjCAiTPiES — (1) If a litre of water dissolves 26 12 c c of air, show that the 
mixture of gases obtained by boiling this water will contain 8 2 c c of oxygen ; 

16 8 c c of nitrogen and 0 72 c c of carbon dioxide 

(2) Show that the mixture of gases expdled &om water on boiling is between 
71 and 72 tunes as nch m carbon dioxide as normal air 

According to Wroblews^, the cr^talhne hydrate, COj SHjO, is formed 
when aqneons solntions of (gurhon dioxide at 0° are subjected to a pressure 
of 12 atmospheres 


§ 15 Van der Waals’ attempt to obtam a more exact Gas Equafaon. 


We have seen that the gas equation does not dcscnbe the hehavionr 
of real gases with respect to changes in volume with variations of tempera- 
ture and pressure. The same gas does not behave in the same way at 
high afc low pressures For many gases — ^hydrogen, oxygen, etc — 
the laws of Boj’le and of Charles ate fairly exact at temperatu^ and 
pressures not far removed from normal atmosphenc conditions, and 
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where they are not — carbon dioxide, ethylene, eta— ^t is often convenient 
to neglect the small deviations. This means that gas calculations inlh 
pv = JIT are made upon imagmary gases, sometimes styled ideal or perfect 
gases When the pressure upon the gas is very great, the error becomes 

quiteappreciable, anditis necessary to revise thosimplegaslawi pp = RT. 

(i) Molecular co-volume — Let 6 denote the q>ace occupied by the 
molecule as it moves to and fro between the boundary walls AS, Rie 238 
If this distance he halved, AC, Fig 238, while the volume of the molecule 
remains ^stant, the molecule wiU have less than half its former distance 
to pa® from one side to the other i It will therefore strike the walls 
more frequently than before Hence the outward pressure of the mole- 
more rapidly ^th decreasing volume than is desenbed 

♦iT T ® volume of the eas but 

rather should it refer to the space in which the molecules mova We there- 
fore write v — hm place of p m Boyle’s law, and the result is . 

p{v — h} = RT 

where h IS called the “ co-volume ” or “ vibratory volu me ” of the moleculaS 

four (imw the niotOTirf\^JLieo?tSo^lc^k** *A*niol’^ ^ “ relafnely nrnr 
\ibratoi> svBtom with a matenal nutflniK ■^molronle seems to be a complex 

space in wluch to perform its oscillators mm b volumes of 
caUed tho “ \nbratory \olume ” of tbo molecSo Hence, b is sometuncs 
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(2) Molecular attrachon — ^I’Uc closer jiroMmitj of the molecule s te) 
one another, the greater wll bo the cfTcot of tlic atlmotuc forcoK betaetn 
the molcoules This nttraott\o force ■will tend to make the gas occupy i 
smaller \oliime Tlio clTcct is much the same ns if the gas were subjectctl 
to the action of a greater evlernal pressure than the obscr\ cd or apparent 
pressure of the gas Tlio assumption that the nttrioti\c force between 
the molecules vanes inversely ns the fourth power of the distance between 
the molecules leads to g/yi ns the magnitude of the molecular at tract ion, 
where a 18 a constant whi'cTi vanes with the nature of the gas Granting 
the assumption, ajr? must therefore be ndded to the ob'seiv cd pressure of 
the gns in order to indicate the totol pressure tending to coinprc«s the gns 
On correcting the equation pv = UT for the ^ohltnc and the cohesion of 
thojnqlc^ulcs, we obtain the so called 1 D \an dcr Waals’ equation (1872) ' 

Tins amended ^equation agrees fairly well with a number of obsena 
tions of gases under largo pressures, and of gases whioh are near thnr 
points of liqucfaotion — c g ethylene, carbon dio'nde, etc It also desenbes 
many of the properties of liquids, and of the continuous passage of a gas 
to the liquid condition Tlic constants a and b must be c\nlunted from 
obsorrations Tlicir numerical mIiic is not quite constant at different 
temperatures Quite a number of attempts hn\ e been iiiado to stiff further 
modify the gas equation so that it mn> describe the behaMoiir of gases 
under wade \ariations of pressure and Uinncraturc J D s an der \\ a ils 
(1888) found that for carbon dioxicU, Ci,OOJOO , (l— 6(K)2’), and 
« ^ 0 00874 Oil comjinring the snlucs of pv for carbon dioxide, cal 
oulalcd fixim the equation, at 20’ 

(p H- ]^t> — 0 002J ) = lOS 

with the iiumbcre obsened bj K H Amngat (18'H) at 2t»’, wo get 


utinosphtro^ 

1 

p< 


1 

1 

1 Obsericil ^ 

ClllcuIlltLtl 

1 

1 oon 

1 000 

r>o 

0 080 

0 0781 t 

7ri 

0 180 

0 170’ 

100 

0 228 

0 220 

200 

0 410 

0 111 ’ 

coo 

0 OSS 

0 nso-^ 


It will be observed that if the gas behaves according to the equation 
pv — liT, pv would have the same 101110 for all pressures As a matte, 
of fact, the value of pv first deorcoses and then increases for all gases except 
hydrogen and lichum Tlio two corrections net 111 opposite wars. At 
first the \ aluc of pn is decreased by the moleoular attraclion, and incronsed 
bv the ffnito dim* nsions of the molecule At low pressures the corrcolion 
tor molecular attraction prepoiidciutcs o\er that rcqmrcd foi the rolumo 
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of tlio molecule , wlnlo the concotaon for the voltimo of the molecules is 
relatively large "when the volume of the gas is compressed very small by a 
large pressure (0/ pp 79, 86 ) Several attempts have been made to 
still further improve the gas equation by the mtroduotion of other terms, 
jnvolvmg special constants "which have to be evaluated from the experi- 
mental numbers They are therefore of very hmited application 


§ i6 The Cnttcal State of Gases. 

In 1869 T Andrews found that if carbon dioxide be gradually com- 
pressed in a vessel smtable for the observation, the volume dimmishes 
more rapidly than would occur if Boyle’s law correctly described the 
behaviour of the gas , and when the pressure attains a certain value, the 
gas begms to hquefy A furthei decrease m tlie volume does not change 
the pressure, but only moreaaes the quantity of gas liquefied. At length, 
when all the gas has hquefied, a large mcrease of pressure only causes a 
mmute decrease m the volume of the hquid, since hquids in general undergo 
but a small change of volume on compression 

If the experiment be made with carbon dioxide at 0“, the gas com- 
mences to hquefy when the pressure has attamed 35 4 atmospheres , if 
at 13 1®, hquefoction commences at 48 9 atmospheres pressure , if at 30°, 
at 70 atmospheres pressure , while if the temperature exceeds 31°, no 
pressure, however great, will hquefy the gas Other gases exhibit similar 
phenomena For each gas there is a particular temperature aboveif 
which liquefaction is impossible , Andrews called this the cntical 
temperature of the gas For instance, the critical temperature of 

— 241° Nitrous OMdo 4 . 

— 146° Atmnoiua +130° 

— 119° Sulphur dioxide 4-156° 

+ 31° Water 4-368° 

It IS interesting to notice the influence of temperature on caibon 
dioxi partly hquid, partly gaseous Fig 239, A, represents the upper 
end of a glass tube in w'hich the ^ ^ 


Hydrogen 
Nitrogen 
Oxygen 
Carbon dioxide 


partly hquefied carbon dioxide is 
confined over mercury, at 18° The 
surface of the liquid has a sharply 
defined curved momsous. On raismg 
the temperature, the meniscus of 
the liquid becomes flatter and flatter. 
Fig 239, B, until, at 31°, Fig 239, 
G, the surface seems to disappear 
The sharp hne of demarcation 
between the- liquid and the gas 
vanishes. At 40°, the tube contains 
a homogeneons gas, Fig 239, D 
Liquid carbon dioxide cannot exist 


Critical Tomperaturo 


Below 


Abme 



V..U.VJUV. UUUUUl/ 17, _ 

“St’, 

bohavour of the go, ,Aoo „o hq„.d « pSjnt , 
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or K^My, the behaviour of the gas in the presence of its own liquid , 
and M^n or My'Py, the behaviour of the liquid when no gas is present. 
It ivill be observed that or KyMy is a straight line horizontal witli 

the V axis It illustrates in a graphic manner the well known law At 
any fixed temperature, the pressure of a gas in the presence of its own liquid 
IS alwavs the same The curve To^oPo represents the relation between 
pressure and volume at the critical temperature , and the curve T, the 
relation between p and v at a temperature when the gas does not liquefy 
The hne K^EyK^B represents the condition under which the gas, compressed 
at the stated temperatures To, Ty, T„, begms to liquefy, and it is hence 
called the d_pw curve, because a gas under a gradually mcieasing pressure 
first shows signs *o'f hquefaotion under conditions represented by a 

point on this line, similarly, 
the Ime KfyMyM^A is called the 
b oiling c urve, because a liquid, 
under a gradually diminishing 
pressure, ^t shows signs of 
vaporization under conditions re> 
presented by a pomt on this line 
Note also that the hnes K^A, EyyB, 
and KffPiy, divide the plane of the 
paper into three regions Every 
point to the right of BK^yP^ repre 
sents a homogeneous gas , every 
point in tlie region repre- 

sents a hcteregcncous mixture of 
gas and liquid , and every jiojnt 
to the left of AKy^yy, a homogeneous 
liquid The diagra m, big 240, 
thus represents the conditions of equihbiium of a liquid i/ir a gas under 
different conditions of temperature, pressure or volume 

It IS mteresting to note historically that Coignard de\ la Tour, long 
before Andrews’ experiment, noticed that when a liquid kU heated in a 
sealed tube there is a defimte temperature at which the surfoeeXof separation 
between the gas and liqmd disappeared, and tlie whole con^nts of the 
tube become homogeneous. Gaignard de la Tour’s experiments thus 
demonstrate that the ontical temperature is the upper limit tcA the liquid 
state, and Andrews’ expenments prove that the ontical teiWperature 
IS the lower limit to the gaseous state The passage from the ipne state 
to the other proceeds m a coptouous manner The liquid_an<Lfei aseous 
are c ontinuous. jipf^aBrupt The properties— density, 'uurfaco 
tension, visoosifiy, refi»ctive power, heat of vaporization, compressmjbty, 
etc. — of a hquid gradually lose their distmotive character as the tenupera 
ture IS raised, unM, at the cntiool temperature, the properties of hquid^ and 
gas are the same There is no evidence of a change m molecular stniouute 
when, say, carbon dioxide passes from the one state of aggregation^ to 
the other There is no evidence of a polymerization of the molecule * 

' Nitrogen peroxide, water, ond some other substances appear to polymenzo 
and form compound molecules on passing from tlio gaseous to the hquid state 
of aggression The properties of the condensmg gases do not then exlubit that 
contmuity shown by carbon dioxide and gases wludi do not polymerize 
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when the common gases condense to liquids. Tlic difference between 
hqmds and gases ieloio the critical temperature seems to be a question 
of molecular attraction. 

§ 17 Carbon Monoxide — Preparation and Occurrence 

Molecalarweigbt, CO = 28 Melting jwmt, —203® , boiling point, —190® , critical 
temperature, —139 6° Relative vapour density (H. = 2), 27 81 , (air = 1) 0 9672 

Two oxides of carbon are very well known — carbon monoxide and 
carbon dioxide In the section dealmg with producer gas, p 711, it will 
be shown that the former is partially bnmt or oxidi:^ carbon, and is 
formed when carbon is heated m a limited supply of air 20 -f- 0„ = 2CO 
It IS also produced when carbon dioxide is heated m the presence of an 
excess of carbon t‘ COo + C = 2CO Carbon dioxide, is reduced m a 
similar manner when passed over hot metalhc zinc *^002 + Zn = ZnO 
+ CO If zme oxide be^duced with carbon, metalhc zmo and carbon 
monoxide are produced - ZnO- 4 ’>.CLs=JZn-={^CO-- F d e.Lasso ne first made 
carbon monoxide by this reaction m ' 

1776. and Pne^l ey prepared it by 
beatmg iron oxide with charcoal 
in 1706 L avoisier knew that this 
gasHGumed to carbon dioxide, hut 
he was not able to satisfactonly fit 
carbon monoxide m inth his theory 
of oxidation This became possible 
uhen W. Cruickshank, m 1800, 
showed that the gas was nothing bub 
a “gaseous oxide of carbon,” and P 
Clement and J B D&ormes, m 1801, 
made clear the composition of the gas 

Carbon monoxide seldom occurs 
free m nature and then only in small 
quantities. Minute traces have been 



Fig 241 — Preparation of Carbon 
Monoxide 


detected m air, in volcamc gases, occluded m coal, and m meteontes. It 
IS found m tobacco smoke in chimney gases ubere the air is not in a 
siiltoiently large excess, and m the gases from blast and other furnaces 
Preparation —Carbon monoxide is best made in the laboratonr bv 
heating concentrated sulpbunc acid to about 100" m a flask (Fie 24:1) 
fitt^ with a double-bored rubber stopper , one hole of the stopper is fitted 
tube and the other with a tap funnel contommg con- 
centrate (98 per cent ) formic acid. Each drop of formic acid produces 
some bubbles of eas The reaction is simple H.COOH - 4 - B-RO 


!aere is no frotLng, and 

on to the sulphuric acid. Concentrated sulphuric acid can also be nSed 
inth sodium Jormate m a flask provided with a safety taS! and^r? 
gently warmed Carbon monoxide is evolved ^ 

IS determined by the tempr&tur^V tKe' toxtmu 

t^ide and carbon monoxide nro produced The formic « xolam« of carbon 
u» e» u«,osh . 
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Thw prop<“w iH inoro •JroiiblMomp limn llio formic ncid jiroct^i TJio nninc 
roinnrk applic'i to Dio propnration of eiirhoii ninnoMciL l>\ liiiitiin; wij, 30 p;riiin‘< 
of or\8tmIino pota'j'miin firroiMimilo wiDi 100 i c of rojifcnfrnlwl Btiliihiinc 
ncid m n capinoiiB flnik In IliLs cimo Die loinnoriitliro of dtconipo'iiDon jB 
iiigli, niid if Dio nii\tiiro Iw hinted loo ((iiirkU, tJm r/ib m opt lo conic off BO 
iquioU} fiB to he lieiond conlrol Tf dilute Hidpliiinn ocid ho UBcd li\dmc\iinio 
I iicid ns w I II iiB carhnn tnono'>clde iiiii\ Im fonned The rr nctlon in tlio liittt r ensu n 
{ ri'lJrweiiKxl 3ICiI < Ct * + dll^SO^ IK bOi + K.rc-C\ ( + OllPt 

§ i8 The Properties of Carbon Monoxide 

Carbon monoxido is n colourlcBa, fTstclcBB, niid odourku (jtoiaononp) 
gns One tolumo of MTiter dissoUti iibout OOf \oluino nt 0% and almul 
0 023 ^oluIno nt 20° TJio gas eondenHCB to a colonrlesa tmnsparont 
liquid at —100°, at atmosplicne pniaitro, fht liquid eolidiiies at —203° 
AVlion a lighted taper i8 plunged into tin gat, tlio tajicr jb c\t inguihlied 
(non supporter of combustion), but tlio gns i« inflamed (combuMibli), and 
Inims with a blue llami Tlio blue Inmbtnt flame mIiioIi aiqu'ani on the 
Burfaoc of a clear ret! coke (or coni) fire, or o\cr the ignited linio in a hmi 
hiln, IS cirhon monoMdc If a lx nkt r be held ot er a burning jet of carbon 
monoMdo for a moment, and char lime a-atcr be poured into the brnktr, 
a turbidity shoas tin. presence of cirbon dioxide Carbon mono'cidc, on 
burning, forms carbon iboxide 2PO -I 0_ — 200, (lolleot a mixtnn' of 
tiro sohimes of carbon monoxide and one toliini' of oxtgtm m a i<n<1a 
uatcr bottle apph a lighted tajier to the month of the liot tie . tin mixture 
txplodosinth some aoolence If tin gnvsbi tlioroughh dried b\ mums 
,/of phosplionis pentoMdo a sjvirk cm pass through the mixture of tno 
^ volunus of carbon monoMde and unexohinu of oxjgcn wtliout explocon 
There appears to be a slight combination, hut onli in the path of the 
sjiark H B Dixon sliowed that tlu_pn*Beiice of gn'es containing hjdni 
gen— hydrogen sulphide, jK'iit mi , aminonm, ptc — act like water, and make 
thejjiixturo cxplosiM , whereas guscsjiot containing hjdrogcii — sulphur 
(iToMcle, 0 irhon disulphide, etc —are inert, for tlie mixture does not explodi 
Water thus appears to not nsncatahtiongrnt, and Dixon (hinksilmt there 
IP ^ in'^'ing the reactions 

CO + HD -= CO. + , 2H. |- Oj -= 211,0 ,( D H HD - CO, + H^ 

jTlns cm]>hasi7es how c\ cn the so cnllul Kimjih n iclinns are much more 
|mttrcstmg than the ordinary cluniicnl cqn it ions would lead ustosupposr 
sHow mucli more wonderful imisl he the reactions which an* now rtpit 
fsenterl hj more complex equations If moist carbon monoxide ho jiasswl 
lover palladium black in the cold, formic acid, H CO OH, can be deteclcxl 
fainong the products of the action Tlio end products of i ho reaction are 
pijdrogon and carbon dioxide — ^tlio lijdrogen is largch retained by tlu 
palladium If the flame of burning carbon monoxide be allow ixl to pln\ 
nipon ICC, formic acid can be detected in the water fomied b\ the meltuig 
tice Hence it is assumed that the fiist stage of the reaction is 11 O -1- 
’ CO = H COOH , followed bj H COOH =• Hj + COj The formic acid is 
|an intermediate priKluct of the two conscciilne reactions (p 130) Tlio 
freicrse reaction, reduction of carbon dioxido to foniiic acid CO, 4- H^ 
f^H COOH, occurs under the influonco of pallndiuni black 
j Carbon monoxide is not absorbed bt solutions of potassium or sodium 
lixdroxidc (distinction from carbon dioxide) Unlike carbon dioxidi, 
.parboil monoxido is sohiblo in a saturatcel sohitioii of cuprous chloride 
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in concentrated liydrocblonc acid, or o£ cuprous clilonde m ammoma/ 
Hence these solutions are used as absorbents for carbon monoxide in gas 
analysis Some suppose that the carbon monoxide umtes rvith the cuprous 
chlonde, fomung a compound 2CuCl CO 2 H 2 O 

Action on iron — Carbon monoxide is an important reduemg agent, 
feme oxide, for instance, is reduced to the metal in the blast furnace * 

The action is, however, somewhat complex, 
and dependent upon the temperature "When metallic iron is heated in 
a current of carbon monoxide at about 330% the carbon monoxide is 
decomposed, fomung ferrous oxide and carbon Fcl-It C p.== 

(-f 20 1 Cab.) At higher temperatures the ferrous oxide irreduc^'to'^ 
the metal by this gas At 400" the former 

reaction is about twelve times as fast as the second As the temperature 
IB raised, the speed of the latter reaction is accelerated until it appears as 
^ the feme oxide were dnectly reduced by the carbon monoxide , any 
ferrous oxide formed is at once reduced* This is a cunons example of 
consecutive reactions discussed on p 135 T Graham diowed that metallic 
iron absorbs about four times its volume of carbon monosde at a dull 
red heat, and the gas is given off when the metal is heated m air Hence 
mm appears to be permeaMe to carbon monoxide, and if this gas be passroc 
up a hot rtove pi^, with ftc flue gases, some carbon monoxide could pa® 
through the metaUic iron mto the atmosphere of the loom. 

Ct^position — mixture of carbon monoxide and oxygen can be 
t^lod^ m the apparatus fllustiated m Eig 189 It mU be found that 
100 vols. ^carbon monoxide with 100 vob of oxygen gave 160 vob 

solution of potassium hydroxide 50 vob of oxveen remained The 
absorption was conducted as indicated on p 661 Fie 231 Thw «h«\ 
that mrol^ of carbon monoxide combZ Sl^vof of^gt lo 

S’SXtoT ‘““si”' 

* of <»a 

oimion If breatted for from oae-halt to tmThoS^ ““ 

makes one unable to walk , i per cent leado te 1 ^ ’ ^ 

and perhaps death * ^ of consciousness 

trxAed from 
touJent^ 
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monoxide, when its presence has not been suspected. It is formed when 
a gas flame is exposed to a cold surface as might occur in some “ patent 
•water heaters” us^ m ill ventilated bathrooms, etc in slow combustion 
stoves, and charcoal pans. It is often present m rooms where gas pro 
ducers are at work (p 711) , and in rooms with an escape of coal 
gas, water gas, etc The poisonous character of “ after damp ” in coal 
mmes is due to the presence of some carbon monoxide along with the 
carbon dioxide formed durmg an explosion of firedamp or coal dust 
m air after the use of explosives for blasting , underground fires , etc 
J S Haldane recommends miners to carry a mouse m an open cage m a 
suspected atmosphere As soon as the mouse i^ows signs of sluggishness 
or exhaustion, a dangerous amount of carbon monoxide is probably 
present 

Testmg^og-catb onjg ionoxi ^ e — ^The detection of carbon monoxide is 
not ea^ A piece of white filter paper moistened mth palladium ohlonde 
— PdCU — ^is turned pink, green, or black, acoordmg td”Ihe amount of 
carbon monoxide present in the atmosphere But other oigamc substances 
produce the same reaction, and mistakes might easily be made Vogel’s 
blood test IS considered the most lehable K ordinary blood be diluted 
■with 200 times its volume of water, a yellowish red solution is obtained, 
mth blood contaming carbon monoxide, the solu'tion is distmctly pink. 
J S Haldane recommends placmg a mouse in the suspected atmosphere 
for, say, fifteen nunutes It is then killed. A known volume of the blood 
drawn from the heart of the mouse is then ^stematicaUy diluted, 
simultaneouslv mth another sample of ordmaiy oxygenated blood, until 
the tmts of both solutions appear the same in daylight A companson 
of the amount of blood in the ■two solutions will give a rou^i idea of the 
amount of carbon monoxide m the air since it is found that the blood of 
the mouse 20 per cent, saturated represents 0 02 per cent, of carbon 
monoxide , 33 per cent, saturated mth 0 04 per cent carbon monoxide , 
60 per cent saturated mth 0 08 per cent, of carbon monoxide , 66 per 
cent saturated mth 0 16 per cent carbon monoxide m the air 

Carbon suboxide — Certain other oxides of carbon have been reported 
by B C Brodie (1873), JL Berthelot (1876), etc (1) Brodie’s oxide, O4O3, 
IS formed as a reddish brown mass by exposmg carbon ^monoxide to the 
prolonged action of the electno discharge, (2) Berthelot’s oxide, CgOa, is 
formed as a dark brown mass byheatmg Broie’s oxide between 300° and 
400° , and (3) Diels’ carbon suboxide, C,0„, has been made by 0 Ihels 
(1006) by distilhng malomc acid, CH2(COOH)2, or its (ethereal) salts mth 
a large excess of phosphorus pentoxndo under reduced pressure (12 mm. 
mercury) at about 300° The gases are cooled so as to remove the un- 
clmnged acid, carbon dioxide, ethylene, etc Tlio reaction is represented 
P^(C00H)2 = flHjO + CgOo. TlTien passed through a tube dipping m 
liquid am, a white sohd mth a pungent odour is obtained Hie solid melts 
between -107° and -108° and boils at 7° When treated mth water, 
carbon suboxidc re-forms malomc aad, and hence this oxide is regarded 
anhydnde. The suboxidc is combustible and bums ■rntli 
a blue smolcp^ flame, formmg carbon dioxide The vapour and hquid 
polpiienze at ordinal^’’ temperatures, forming a dark red solid soluble m 
decomposes rapidly at 37° and instaiitaiicously at 
100 Analysis by combustion mth cojjpcr monoxide, bj explosion with 
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oxygon, and vapour density determinations by Hofmann’s method all corre- 
spond with tho formula CgO^ The constitution is uncertam, it is generally 

supposed to be represented by 0 =C=C=C= 0 , or by An 

oxide, CjOj, has also been formed by the action of the silent olcctnc 
discharge on carbpn monoxide 400 = O3O3 + CO3 There is little doubt 
about the existence of carbon suboxide OgO,, but tho identity of the 
other oxides — OgOg, and C4O3 — ^is not well established 


§ 19 Carbonyls. 

According to the valency hypothesis, oxygen a dyad and carbon a 
tetrad, carbon monoxide is an unsaturated compound =0=0 with tu'o 
sleeping valencies, p 70 This is in agreement with the ready com- 
bmation of carbon monoxide with oxygen to form carbon dioxide 
0 = 0=0 When a mixture of oarbon monoxide and sulphur vapour 

IS passed through a moderately hot tube, a gaseous carbonyl sulphide 

COS— analogous with carbon dioxide is formed In carbonyl sulphide one 
atom of sulphur has taken the place of one atom of o^gen m carbon 
dioxide so that its formula IS written S=C=0 WbraCOj.ctsasarai.clo, 
asikSBPea'rs to.do^many reactions, it is p^ed carbonyl Carbon dioxide 
can thus be regarded as a carbonyl oxide 

Carbonyl chlonde —Carbon monoxide also directly mutes mth chloimo 
in sunhght to form ‘phosgene, or carbonyl chlonde COCan TIio same gas 
is produced when a mixture of chlorme and carbon monoxide is pa^d 
over bone charcoal (oatalytio agent) The gas hquehes at 8“ Tlic for- 
mation of the gas 18 conveniently shown by filling two equal-sized cas 
cyhndere, by displacement, one ivith chlorme, and one with carbon 
monoxide Place the vessels mouth to mouth and aUow the cases to mix 
thoroughly Both cyhnders show the oharactenstic colo^^ToMo^ 

hght for a short tune, the colour of the chlorme rapidly disappeare and 
o^Tc “ removed, the contents of the cylmder fume strongly 

the decompo^ion of the carbonyl chlonde in contact with the 
moisture of the air Ole gas also decomposes in contact with water 
formmg hydrochlonc acid and carbon dioxide ’ 

> and HDO3 = H3O + CO. 
0=C<g + 4 NH 3 = 2NH,C1 + 0 =C<S 




m, 


synthesis of urea, by another process m 182 R aninmls Wohlei’s 

a lot of attention beoauso the teaebers of t>h ’ attracted 

e.c_the„ 


were 
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produced by the action of n vital force , tlmt “ iiitlun the Hjihcrc of 
linng nature, the elements obey lawH totally different from tlioso ivliieh 
obtain in inanimate nature,” and that “ organic BubstancCB cannot bo pro 
pircd artificially ” Wohler’s synthesis rendered it nccossarj to reconsider 
these assertions A^dhler commumoated his discovery to Bcraelius m 
these irords ” I must toll yon that I csii prepare urea inthont requinng 
a kidney or an amnial, a man or a dog ” Hundreds of different 
animal and \egetable products ha\o Binco been jircparcd in the laboratorj, 
and the h'vpothcsis that a peculiar vital force is ncctssarj for the pre 
piration of these products has been abandoned Tlio growth of the 
organized structure of animals and plants must not be confused wath the 
formation of ohcmioal compounds 

Nickel tetracarbonyl — Wlicn carbon monoMdc is pai-acd o\ i r finely 
diandcd metalho nickel ‘ at between 40’ and .'50’, and the gas then pasaid 
through a cold tube, a colourless liquid condciiMib Tins boils at Jl’ 
under a pressure of 7*51 mm of nurcury , and at ~25° sohdifus to a maaj 
of needle shaped crystals Tlio gas dtcomposis at 180’ into metallic 
nickel and carbon mono\idc Tlio gas bums with a luminous flame, and 
a deposit of black metallic nickel nstinbling soot, is obtained when the 
flame IS brought in contact with a cold jiurctlain dish If the gas lie 
passed through a hot glass tube, dust, or a mirror like deposit of metalho 
mtkel 18 formed on the glass Mond utilizes this reaction for lytrocting 
nickel from its ores Two anahscs of the coniiiound furnished Jt26 
and 34 33 jier cent of nickel These numbers correspond watli the 
formula, [Ni{CO)<],i Tlio lapour density of the gas, air = 1, is COl , 
and if Indrogcn = 2, 28 75, conscquuitly, the \a|Knir density of nickel 
carbonyl (hydrogen == 2) is G 01 v 28 776 = 172-04L ’Iht a ipmir 
density corresponding wath Ni(CO)^ by Aiogadro’s by pothesis, n, 170 08 
Hence the formula of nickel carbonyl is written Ni{CO)^ .'joiiio 
consider that tho “CO” in luckcl carbonyl is a dyad, and the nickel 
an ootad, because of certain phy sical projxsrtiLS,' ind WTito tho formula 
as indicated below, others consider both the nickel and tho CO to bo 
dyads 


^CO 

Nickel an octad 


GO 

CO 


>Xx< 


OC 

00 


NioKoI a tetrad 


2 M< 


CO— CO 
CO— CO 


Nitkcl a d\nd 


As the student acquires famibarity with graphic eheniical formula!, 
lie wall find that the arrangement of a number of atoms into a grajiluo 
formula, consistent with thcaalencies of tho elements, is sometimes rather 
a test of man's ingenuity than a representation of tho actual grouping 
of the atoms In some eases, too, it is thought ncceshary to assume special 
aalenoics for particular combinationh Wien it is not' ])ossiblo to decide 
between several oonfliotmg formuhe, select the most probable, and use the 
simplest— hypotheses jnust not be multiplied without-nccessity.h Tins 
important rule is sometimes ealled Occam’s razor 

Iron carbonyl — Cobalt docs not form a oarbony 1 under the same 


hi dromon n’i’ubouraooS*' 

n* IR .«nnn,^'*i i'T iiidov wlilcli 13 from Ihroo lo four limes iis great 

as la usually uiJiibitcd b\ dy ad uickel salts 



the oxides of caebox 


Siai_ 


condihons as motel ^ If iron be treated like mckel, at 80’, a gas-^n 
tettacarbonyl, Fe(CO) 4 — is formed, is-bicb bums with a yeUo-w 
reaction -with iron is very much slower than with mckeL At 
temperatures the finely divided iron flushes iron pentec^bonyl-^C^^^ 
— wSch condenses to an amber-yellow hqmd boiling at 103 and freeimc 
at —21° Its vapour density (air = 1) is 6 5 Light decomj^se^he 
hqmd, fomung gold-coloured crystals of iron nonacarbonyl JjCglUUjg 
This latter compound decomposes, when heated, forming carbon monoxide, 
and non pentacarbonyk Lamp glasses used for gas burners sometunes 
appear to redden owmg to the deposition of a very thin film of iron oxide on 
the mner surface , and accordmgly it is inferred that a trace of a volatile 
iron carbonyl is present m the lUuminatmg gas Iron carbony^is also 
supposed to be formed m iron cylmders m which “ water gas ” (p 714) has 
been stored under pressure for some time 


§ 20 Carbon Sulphides. 

Molecular weight, CS- = 76 14 Melting pomt, -110®, boilmg point, 46°. 
Specific gravity of liquid at 0®, 1 292 Vapour density (H. = 2), 77 06 , (air = 1) 
2 68 


Carbon difeulphide was discovered by W A. Lampadius while studying 
the action of pyrites on carbon Clement and Desormes rediscovered the 
hqmd in 1802 When sulphur vapour is passed over red-hot charcoal, 
the two elements combme, forming volatile carbon disulphide 0 -f S, 
= GSg — 28 7 Cals This reaction is therefore endothermal, and it bears 
some analogies with the exothermal reaction C -f Og = COo + 96 98 Cals 
The volatile compound of carbon and sulphur is condensed m vessels 
surrounded with cold water The product is contaimnated with free 
sulphur, which volatihzes with the carbon disulphide, some hydrogen 
sulphide is formed at the same time by the action of solphur on tho 
hy^ogen m the charcoal 

Manufacture-of-carhon disulphide — In the manufactnnng process, 
the charcoal is heated in vertical cast iron or earthenware retorts set in 
a smtablc furnace The heat of the furnace also melts the sulphur placed 
in a vessel near the base of the retort, the sulphur vapour rises through 
the red-hot charcoal and forms carbon disulphide which escapes at the top 
The carbon disulplude is condensed in long condensmg coils — 30 feet long 

In Taylor’s eleotnc process (1899) a cyhndncal furnace 40Ject high and 
IG feet in diameter is packed with coke from the top. Pig 242 , the coke 
IS renewed through the side hopper C An altematmg current is sent 
through the electrodes E set at n^t angles to one another at tho base of 
the furnace The heat melts the sulphur on tho floor of tho fnmacc , 
^ vapour of sulphur rises through the coke, forming carbon disulphide’ 
^sh sulphur is mtroduced through the hopper shown m the diagram 
The carbon disulphide passes off at the top of the furnace, and is 
condensed m the condensing coils. The electrical process is practicaDv 
contanous and is free from troublesome leakages and heat losses 
incidental to the retort process The crude product can be punfied by 


IjecaiMT^fCOWnn i« that a cobalt carbonyl cannot be prepared, 

can Iw made if tbo reaction occura under great pres^re-^ 
1 jO otmospliercs— in tbe form of orange yellow cryatah Colorless wvatals of 

carl>onrjl-l,hiCO)^^e kn^oifn Set cml other ^bonJb’aS!^ 
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repeated redistillation and subsequent agitation with mcrcuiy, and dis 
tillation from white was, but the manufacturing process o£ purification is 
a “ trade secret ” 

Properties — Carbon disulplude, if pure, is a colourless, mobile, rcfrao 
tive hquid, with an aromatic smell not at all displeosmg, although the 
smell of commercial carbon disulphide is usually disagreeable and rancid. 
If breathed constantly, in small quantities, it is injurious to health, and 

m large quantities, fatal Its 
specific gravity at 0° is 1 292 
It freezes at —116° . melts at 
-110°, and boils at 46° 100 

grams of water at 0° dissolve 
0 268 gram of carbon disulphide , 
and at 20°, 0 101 gram It mixes 
m a^ proportions with alcohol, 
ether, benzene, and essential oils 
It IS "also a good solvent for 
sulphur, phosphorus, lodmc, 
bromme, camphor, gums, resins, 
waxes, fats, and caoutchouc , 
and it IS largely employed" in the 
industnes on account of its 
solvent properties It is also 
used ns an insgotide tv. v 

Thiocarbonic acid — com- 
pound called thiocarbonic acid 
H2CS3, analogous with carbonic 
acid, H2CO3, IS known Tluo- 
carbomo acid is a reddish yellow 
oil formed by the action of 
dilnte hydrochloric acid on thio 
carbonates. It is very unstable, 
but some of its salts — thio 
carbonates — are fairly stable 
Fio 242 — Toylor’a Carbon Disulphide They are formed by the action 
Furnace of carbon disulphide on the sul- 

phidcs CS,4- i!aS — -CaCS, , or 
on the hydroxides 3Ca(OH) .. + SCSo =,2CaCS3 + CaCPa + 3HoO, Hence 
CSj may be regard^ as the anhy^nde of thiocarbonic acid in the same 
sense that COo is the onhydnde of carbonic noid. 

Thiocarbonyl chloride, CSCl^— If carbon disulphide and clilonne be 
left in contact for some weeks, particularly if a little iodine be present, a 
compound, CSGI2, is formed, but the best way of making this substance is 
to heat a mixture of phosphorus pentachlonde and carbon disulphide in 
a sealed tube, at 100° A reaction symbolized PCIg + CS, = PSOI3 -4- 
CSCJj, seems to occur The compound thiocarbonyl chloride, CSCl,, is 
related with carbonyl chloride, COClj Thiocarbonyl chloride is a foetid 
smellmg hqmd which boils with a little decomposition at 149° Tlie hquid 
is shghtly hydrolyzed by water 

^rbon monosulphide, OS — ^The analogy between the behaviour of 
6n]phiir ona oxygen in many chomioal compounds makes it appear higbh 
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probable that a carbon monosulplude, CS, will exist and will bear the 
same relation to caibon monoxide, CO, that carbon disulphide bears to 
carbon dioxide The isolation of carbon monosulpbide has proved un- 
e?q[iectedly difficult The reaction between nickd carbonyl and thio- 
carbonyl chlonde furnishes a brown solid which is either carbon 
monosulpbide, CS, or a polymer, OnSn The reaction is represented 
'jiCSOI^ + «Ni{CO)^ = 4nCO + nNiCla + CnSn The brown product is 
soluble in concentrated sulphuric acid, and it is precipitated unchanged 
on dilution Carbon monosulpbide is not produced when carbon disul* 
phide acts on mckel carbonyl When electric sparks are passed through 
the vapour of carbon disulphide at a low pressure, a mixture of carbon 
monosulphide and unchang^ carbon disulplude is obtained The former 
polymerizes to the brown sohd as the temperature rises A bright red 
hquid carbon subsulphide, C3S2, has been made by passmg the vapour of 
carbon disulphide through a quartz tube at 1000“ to 1100“ , and by exposmg 
the vapour of carbon disulpWe to the electno arc The chief mterest m 
this compound turns on its possible analogy with carbon suhoxide, C3O2 


Questions. 

1 How many tons of salt and of snlplmno acad containing 70 per cent of 
real acid aro required to make 200 tons of salt cake t Assuming that the manu- 
factmer condenses only 00 per cent of the hydrochloric acid ovoKcd, what weicht 
of this gos 18 allowed to escape ‘•—Neia Zealand Vmv 

^ ^ pressure ate shaken with 60 c c of rir 

normal BafOH). elution After removal of the precipitate, the remainme alkali 
requites 36 c 0 of jJ,! normal acid to nontrahze it Find the \olume of carbonic 
anhydndo m 10,000 volumes of the air — 8t Andrews Umv 
CaU chemical and physical propeities of CO. and CS-— Owena 

caustic soda ore obtained from common 
“mpoS^uSKrt/'te production of these 

o / hydrogen chlonde and carbonic anhydnde are found mived with air 
and It IS desired to seporato, one at a time, the substances in the imvture until 
o^e remain, what would bo the successiNe methods employed I— Amherst Coll , 

found to oooup, 7d meosaiad and 

brought to the same conditions of ternneratnm carbon and after being 

measured HTiat volu “e E^Sd to^c^^ 

= 12 , one 

- - w-”'— t - 




MODEEU KORGAISIC CHEMISTB-Y 


COO 

13 'What IS meant by the law ol mass notion 1 State what yon understand 
1^ the term “ nctivo moss ” Discuss from the stondpoint of the mass action 
law (a) the dissociation of calcium carbonate b> heat, (b) the effect produced by 
adding hjdrocWono acid to an aqueous solution of sodium chloride — St Andrews 
Vntv 

14 TIio following sentence oppoars m a modem textbook of chemistry 
“ Men striving to brmg mdividual chemical processes to the highest state of 
perfection by utilizmg all waste products ” lUustrnte this statement by two 
examples of the recovery of \aluable ohemtoal substances from waste products 
and oxplam m detail the chemical reactions invoK ed — London Univ 

16 Enunciate Gay Lussac’s law of gaseous volumes, IVhat change in t olume 
would take place in one litre of oxygon nv (o) burning sulphur in it, (o) conxertlng 
0 jier cent of it mto ozone, (o) combining it with twice its volume of carbon 
monoxide t Aoourately descnbo the way in which you would carry out any ono 
of these experiments — London Unw 

16 What distmction can be drawn between dissociation and decomposition ? 
lUustrafe your answer by reference to calcinm carbonate and oxplam wh^ the 
presence of free carbon (Loxide dunuushes the extent to which the dissociation of 
the substance con proceed at a gi\en temperature — London Unit * 

Vli Tlie air of a room was tested for carbon dioxide by dmwmg 100 litres of 
it through weighed bulbs, oontaimng caustic potesli The temxieratuTe was 15° 
and the pressure 760 mm The mcreose m weight of the bulb was 0*08 gram 
M hat was the percentage by \ olume of carbon dioxide in the air of the room T — 
Lotvion Vnxv 

18 Exi^in ond illustrate the meonmg of the expression coeUieicnt oj solubility 
of a gas What is meant by the statement that ammoma nt ordinary temperatures 
del lates from Henry’s low of solnbdity 1 — London Unw 

10 The acid formed by dissolution of carbon dioxide in water might haio its 
structure represented by the formula CO(OH)* or C(OH )4 State Wly (a) the 
grounds on which the existence of carbomc acid m such a solution may be assumed, 
and (b) the ondenoe m fai our of both these fonnulic ~Board of Bdue 

20 How ore carbonyl, phosphoni and sulphurvl chlorides respectiiely pre 
pared f Describe briefly their properties, and show how their charaotenstio 
reactions help to elucidate the constitution of the oorrespondmg acids — Board of 
Bdue 

21 If 12 grams of carbon disulphide were burned m 100 hires of air at 14° 
and 740 mm , what would bo the i olume of the gaseous mixture at N T P (o) 
when the combustion was complete and (b) when the mixture had been extracted 
by concentrated caustic potash 1 How could the relativ e proportions of the two 
dioxides bo determined f (Air contains 21 per cent of oxygen, and 1 litre of 
hydrogen at N T P weight 0 00 gram ) 

22 How do you account for the fact that in spite of the largo amount of 
oxygen consumed m respiration and combustion tra percentage of oxygen in 
the atmosphere remains practically unaltered ? — T ictoria Unw , Manchester 

23 What would you observe and what ohemicnl clinnges fif any) would take 
place if the following elements were heated strongh in (o) a current of air, (b) 
a current of steam — copper mercury, arsenic zinc charcoal J — London Untv 

24 On possmg pure carbon monoxide oior copper oxide, it was found that 
the loss of weight was 24 30 grams and that the amount of carbon dioxide formed 
was 07 003 grams From these dota ealoulato the atomic weight of carbon 
(O = 16) How would you make the carbon monoxide required for this oxpen- 
ment, nud ascertain its freedom from impurity 1 — Board of Bdue 

26 TVhat ore the common impurities in ordinary water, and to which of them 
IS hardness duo ? Onthne methods bv which hardness can bo (o) reduced, (6) 
mmoved, and explam why curd is formed when soap is used with hard water — 
Sheffield Unw 

26 Describe the principal features of tho " mechanical ” system of water 

miration the filter substance m this process, ond how is it produced 1 

Gii e equation ^ I/nit U S~A 

27 How partly hard waters formed in nature 1 How are they 

softened ! Acw. ^ A the formaj^ion of caves m hmestone rock How oro 
the stalaotitM ni.^ ^S^gmites formed in these cates t Wiat is formed when 
carbon dioxide go’^'^ Issed into a solntion of potassium hydroxide 7 H nto oil 
equations — Prince Onw USA 
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§ I 


f 

Methane — Occurrence, Preparation, 


and Properties 


Molecular weight, OH 4 = 
Relative vapour density (H- 


IC 03 Melting point, - 184“ , boiling point, - 164“ 
= 2), 16 06 , (air = 1) 0 6647 


Occurrence — Methane has been recognized as a disbnot compound since 
1776 It IS often called marsh gas because it is often generated in stagnant 
marshy pools The bubbles of gas wbich rise to the surface, when the mud at 
the bottom of a pond is disturbed, often contam methane The gas can bo 
ooUected in many stagnant ponds by the use of an mverted test-tubo full 
of water and fitted with a funnel as indicated 
m Fig 243 The funnel directs the bubbles, 
distuibcd by pokmg a stick mto the mud at the 
bottom of the pond, mto the test-tube ^ The 
test-tubo must be securely clamped or it may 
overturn when full of gas Methane appears 
to he a product of the gradual decay of 
vegetable matter m a very himted supply of 

air Tins gas is also found absorbed or j-jq 2’43 ^ilaish Gas 

occluded by coal sometimes under considerable 

pressure When the pressure is reheved — eg when d faee of coal is 
exposed m mmmg, or dunng a sudden fall m atmosphenc ptessure — 
this gas escapes from coal, soihetimeB in a contmuous Stream with a hissmg 
sound — oall^ by the mmer a “ singer ” or a “ blower ” Methane, mixed 
mth more or less air and carbon dioxide, is common in the atmosphere 
of coal mines, and hence this gas is found m the aiT discharged by the 
" upcast ” ventilatmg shaft On account of its mfiammable nature, the 
mixture of gases occluded m coal is Sailed firedamp Other synonymous 
terms are “ hght oarburetted hydrogen gas ” or simply “ gau " So far as 
it IS possible to tell by analysis, fiiedamp (air albSent) contams between 
80 and 98 per cent of methano, up to 4 per cent of carbon dioXidS, and 
up to 11 per cent of mtiogen Marsh gas and firedamp are therefore 
more or less impure forms of methane Methane is formed in considerable 
quantities when coal is heated out of contaot with oir Codl gas may 
contam 30 to 40 per cent Uf methane Fnormous quantitiSB of gas, con- 
taimng 80 to 98 per cent of methane, escape from the petroleum springs 
m Baku and the (Caucasus (Russia), and in the oilfields of Indiana, Ohio, 



• Tho wntOT, •tthon a boy, is supposed to Imvo received an attack of typhoid 
lever os a result of this osponmont in a luioSUialic swiimp ^ 
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Ponnsyh ania, etc , ■ahero it is called natural gas The percentage composi- 
tion (volume) of typical samples from Ohio and from Baku is reported as 
follows 

Hydrogen' Methane Ethane Nitrogen Oxygen 

Hakn (Bnssia) 00 03 1 33 22 06 0 

Ohio (USA) 10 02 8 04 08 38 03 



Fig 244 — Preporntion of Methane 


Preparation — The gas is usually prepared by the following process 
Ten grams of fused sodium^<;ctate.arc mtimately mixetl mtli three times 
that weight of soda , lun o,in a mortar Introduce the dry mixture in a 
^ass or copper flask, or in a copficr tube retort Close the copper flask 
A, Fig 2i4:, with a cork to nhioh a delivery tube is attached. The 
flask IS strongly heated, and when all the air is expelled, the methane 

is collected o\cr ivater in the 
usual manner The reaction in 
the retort or flask is usually 
represented by the equation 
CH, COONa> NaOH NajCOs 
Soda lime or barium 
mxido IS used m place of sodium 
ihy droxide because of the fusibility 
lof the latter Soda lime is a 
pnixturc of calcium hydroxide and 
fsodium hydroxide 
The gas prepared by this process is not a ery pure, but the mode of pre- 
paration IS useful for ordmaiy purposes For instance, tins gas bums mill 
a lummous flame, whereas pure methono bums mth a non luminous 
flame An impure gas — mixed with ammonia and acetylene — ^is formed 
by the action of water on commercial aluminium carbide AI4CU lEH^O 
4: Al(OHl ., 4- __R^e n. p ure methane _is required, mctfiy 1 iodide, 

CH!^ , is.n^uccd by nascrat hydrogen formed by the action of a mcr- 
£ary_ ahimimum couple, or a copper zinc couple oi\ water or alcohol 
CTBjjI -H 2 H = CH4 -}- HI This method of preparotion is discussed in 
/ norks on oi^rafc chemistry 

' Properties — ^Pure methane 13 free from colour, and is without smell 

The gas prepared by the ordinary process usually has a slight smell but 
this IS due to the presence of impurities. Methane is bgliter than air 
100 volumes of water at 0° dissolve 5J volumes of the gas , and at 20®, 
% volumes. Methane is rather more soluble 111 alcohol It liquefies at 0® 
under a pressure of 140 atmospheres Tlio liquid boils at —164®, and 
sohdifles at —184® Methane has no nell deflned physiological action 
on the system other thau diluting the oxygen and so mducing suffocation 
'/ Combustion and explosion of methane — ^Rlien a hghted taper is 
plunged into a oyhnder of this gas, held mouth downwards, the taper is 
cxtmguished (non-supporter of combustion), and the gas burns at the mouth 
of the jar (combustible) The gas, if pure, burns with a pale blue non- 
luminous flame, formmg carbon dioxide and ivater CH^ •+• 20„ COj 
-f 2H2O The gas igmtes m air at a temperature between 650® and 750® 


' ^tne claim that tree hydrogen docs not occur m niitunil gas, and that the 
^eged presence ol hydrogen in these gnscs is duo to a inistako in the analysis 
Tiiat question must be left \ntl) tho exports in natural gas 
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E the supply of air be limited, some hydrogen and carbon monoxide will 
be formed. One volume of methane reqmres two volumes of oxygen, i c 
9 5 volumes of air for complete comlmstion Such a mixture is violently 
explosive A red-hot wire ivill ignite the moist mixture The explosive 
effect dummies in violence with mcreasmg proportions of air — a mixture 
of one volume of methane with 19 volumes of air is explosive , and m 
the presence of coal dust, W Galloway says that one volume of methane 
mixed with 111 volumes of air is explosive It must be added that coal 
dust itself IS explosive when mixed with air If a mixture of hydrogen, 
methane, and air, with an excess of oxygen, be led over palladmm-asbe&tos, 
the hydrogen alone burns — fraction^ combustion . — the methane is not 
acted upon provided the temperature of the palladium does not rise above 
100“ There is no explosion Hence follows a method for estimatmg 
the amount of hydrogen m a mixture of hydrogen and methane For 
the detection of methane, see “ Flame caps,” p 744. 

Action of chlorine — ^When a mixtum of equal volumes of chlonne 
and methane is exposed to diffuse daylight, they gradually react, forming 
methyl chloride— CH3CI Thus CH4 + CIj HCl GH3CL If more 
chlorine be present, the ohlonne gradually replaces all the hydrogen, 
forming. 


CB^Cl -f Clj HCl -f CH2CI3 (dichloromethane) 

CHaClj + HCl + CHaj (ohloroform) 

CHCI3 -I" Clj HCl -j- CCI4 (carbon tetrachlonde) 

This process of replacing one or more atoms m a molecule by equivalent 
atoms IS called substitution If an excess of chlonne reacts with methane 
m direct sunlight an explosion occurs with the- separation of carbon 
^ ^4 + C Shake a mixture of one-third volume of 

mcttiano with two ttiirds of a volume of chlonne in a gas cyhnder , apply 
a lighted taper Acid fumes of hydrogen chlonde iviU be formed, and 
soot wul be deposited in the Cyhnder 

All the hydrogen can thus he expelled from methane in four stages, i 
and the carbon only in cue stage, hence it is probable that the molecule ^ 
of niet^ne contains one atom of carbon and four atoms of hydrogen 
Similarly, m dealing wth, say. hydrogen chlonde (1) only one wm- 
pound IS known , (2) molecules of hydrogen and chlonne are halved 
dunng the fomation of two molecules of hydrogen chlonde , and (3) the 
hydrogen and chlonne can only be expelled hydrogen chloSc in 
no stage Hence it is inferred that the molecule of hydrogen chlonde 
contoins one atom of chlonne and one atom of hydrogen aM tnat osinh 
of the molecules of chlonneand hydrogen contain t^ftoik ThStuSv 

by potassium hydroide and®Se 

the amount of carbon dioxide formed. Tnllln lepresonts 
were mixed with 40 c oxv2^ ™ a w 10 « c of methane 

mixed gases nore dnven mto The 

The gases were returned to the burette. an7thTvSremim^^^^ 
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wisbeaudoi the original 60 CO The contraction was therefore 20 o o Water 
■yjipour contains its own volume of hydrogen henoe 10 volumes of methane 
contains the equivalent of^2ft volumes of hydrogen Agam, the gases 
were transferred from the burette to the absorption pipette charged with 
potassium hydroxide solution, Fig 231 On returning the gases to the 
burette, the volume measured 20 c o The oontnotion due to the absorp 
tion of tlie carbon dioxide was 10 e c , and the 20 o c excess oxygen 
remained in the burette One volume of carbon dioxide is equivalent to 
one volume of oxygen and one atom of carbon Hence the analysis has 
furmshed the following data 

MethmiQ -{-202 CO 2 “h 2HoOrf jwm 
2 toIb. 4, vols 2 vols 4 vols. 


or (0H4)n 

Tlio relative density of methane (air = 1) is 0 669 , and for hydrogen 
= 2, we have 28 765 X 0 669 = 16 07 If 71 = 1, the vapour density of 
CH4 will be 12 + 4 = 16 Hence the formula for methane is CH^ 

If hydrogen be umvalent, the only possible plane grapluc formula is 


i>c< 


H 

H 


which makes carbon quadrivalent. Orgamo chemists can gjive a number 
of reasons for assuming that the carbon atom behaves as if it had the form 
of on equilateral tetrahedron, each apex representmg a free valency Thus, 
if the four valencies of the carbon atom be hmited to one plane, it ought 
to be possible to make the two isomers (c/ p 660) 


Cl 

Cl 



H.p.Cl 


In spite of numerous attempts this has not been accomplished So far os 
we can tell, all four valencies of carbon are eqmvalent 
and symmetneal, or else one of the above compounds 
IS very unstable and, when formed, immediately passes 
into the stable modification Tlie former hypothesis 
IB much the more probable Tlie four valencies can 
pnly he symmetrical and equivalent if they are directed 
from a central cation atom toioards the four comers or 
faces of a regidar tetrahedron The carbon atom thus 
Sbehaves os if it were shaped like a tetrahedron A 
graphic representation of the molecule of methane is shown in the adjoin* 
ing sketch The spheres represent atoms of hydrogen 



Utethane — CHj 


§ 2 Ethylene— Occurrence, Preparation, and Properties 

Molecular weight, O-H, = 28 03 Melting point, — lOO" boiling point, —103“ 
Relative \apour density, 28 12 (H- = 2) and 0 978 (air = 1) 

Occurrence — ^Ethylene occurs in natural gas (p 692) Some analyses 
of “ pit gases show that up to 6 per cent of this gas may occur in the air 
in coal pits. This gas is also obtained when coal or wood is heated m closed 
vessels and coal gas contains from 4 to 10 per cent of ethylene 

Preparation — ^The gas is most conveniently prepared by the action 
Of_fisllX£lE9Jy’fi.®gwt'S„(8iilphurio_aoid, zinc oliloride, or phosphoric aend) 
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upon alcohol — O3H5OH. Por this purpose put 60 0 c of syrupy phofiphono 
acid in a 260 c c flask furnished ivith a two-hole rubber stopper fitted with 
a tap funnel drawn out into a capillary end, and also a thermometer, T 
(Fig 246) The side neck of the flask is connected with a dehvery tubd 
leading to an empty wash-bottle, and finally to the gas trough The flask 
IS heated to about 200° on a sand-bath or metal plate. Ethyl alcohol is 
slowly run from the tap-funnel below the surface of the phosphoric acid 
The alcohol is decomposed into water and ethylene. The water is letamed 
by the phosphoric acid The reaction is represented in symbols 

Other methods of preparation are described in text-books on organic 
chemistry 

Properties. — ^Ethyleno is a colourless gas with a peouhar othei-cal 
odoui It has nearly the same density as air 100 volumes of water at 0° 
dissolve 26 7 volumes of the gas, and at 20°, 15 volumes , the gas is nearly 
13 times as soluble m alcohol Ethylene liquefies at 0° under a pressure 



Pio 246— Preparation of Ethylene Fig 246 — DeoomposiUon of 

Etbylono 


of 43 atmospheres , the hquid boils at —103°, and sohdifies at —169° 
The gas behaves hke methane toivards a hghted taper, but it bums ivith a 
lu^nous smoky flame unless it be diluted with hydiogen or methane 
Jitiiytene is decomposed at a high temperatuio This is illustrated bv 
passmg the gas through a bulb-tube of hard glass When aU the air has 
been expelled, heat the bulb in the blowpipe ^me By rotatme the bulb 

“ “itenor of the bulb 

Eig 246 One volume of the ga« requires three volumes of oxygen or 

it? J f complete combustion Such a mixture is a powerful 

exptosive The explosion is more violent than methane ^ 

The composition of the gas can be deterimned by volumetnn nnnlimD 
^ m the caw of methane The result shows that ethylene is fC 

must he C 2 H 4 The graphic formula for ethylene with carbon auadn vtf ^ 
and hydrogen univalent is not possible if nlT -cni fl’^c-drivalent 
»Wiatedoi“»t,.aea.- >“ 

i>o=c<g 
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One molecule of ethylene readily combmes wth chlonnc, forming an 
oily liqmd ^^hloll is eth vlene dichloa de — C,H^CU Half fill a tall cylinder 
•with ethylene, carefully but quickly fill up "the cylinder "with oWorine, and 
allo-w the oyhnder to remam m the trough , the water gradually nses m 
the cyhnder, the ethylene dichlondc ivill he seen floating on the surface 
of the -water Hence ethylene -was once called ohjiant gas The oily 
ethylene dichlonde was once termed Dutch hgwd Similarly with bromine, 
a htre flask filled with ethylene and 2 c c of bromine Avill form a colourless 
oil of CjH^Br^, ethylene dibromide, on the bottom of the flask Fill a 
cyhnder one third ivith ethylene, and two thirds wnth chlonnc Mix the 
gases well, and apply a light , acid fumes arc formed with much soot 
Qo H^ 4- 20 1;,..= AH Cl%h 2C. The ethylene molecule also combines directly 
■with Eulphuno acid, hydrogen bromide, etc. The compounds of ethylene 
■with chlorme, bromine etc , arc called additioi^jiroducts 

In gas analysis, ethylene is absorbed *in a fem^l’s pipette charged 
uith fuming sulphuno acid, or ivith bronunc, and these reagents can bo 
employed to remove ethylene — and msaiuralcd hydrocarions generally — 
from a mixture of ethylene, ivith'hydrogeil,"nicthanc, air7 oxygen,’ and other 
gases not absorbed by this reagent Methane is not absorbed unless it is 
left sending in contact with the fumuig~sulphuric acid for a long time 


§ 3 Acetylene— Preparation and Properties 

C.Hj = 26 02 Molting point. -81 6», lioiling point , 
—83 0® Holntivo vopour donsitj, 20 46 (H. = 2) , 0 02 (uir =1) “ * 

Preparation — ^M Bcrthclot prepared it by sparking carbon electrodes 
in a current of hydrogen gas in a glass bulb as mdicatcd in the diagram 

a 247 The 

n carbon and hydro- 
gen unite directly 
20 + H, = CjHa. 
Pure hydrogen 
unites directly -with 
carbon at tempera 
,tures exceeding 
V'llOO'* At 1200°, 
about 0 36 per 
cent of methane is 
formed, at 1600°, 
0 17 per cent 
Acetylene, CaHj, is 
also formed at tem- 
peratures exceeding 
1800° Acetylene is 

„4.i 1 , . ttlso formed when 

ethylene is passed through a hot gloss tiibu 30 . H. =s 2 0 TT. 4. 2CH. 

and also -f.CnH., Acetylene is foiiiied -when "air bums 

m coal gas (Fig 284) To show the formation of ucotyleiic when 
the Bunsens burner ‘‘strikes book” and bums 111 the iuotal tube, 
arrange the apparatus 8ho^vn in Fig 248. A glass funnel is bent Iwnco 



Fio 247 — Berthelot’s Synthesis of Acol\lono 
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at n^t an^cs and connected with a cylinder containing aminoniacal 
cuproBB cUonde.^ The Bunsen’s burner is lighted at the pin-hole jet, 
and air is slowly aspirated throng the ajipa- 
ratus A red_ precipitate is formed in the 
cuprous chloride sohition. This will he described 
later The gas is most conveniently prepared by 
placing fragments of calcium carbide in a dry 
flask provided with a tap-hirmel ^d’Hehvery tube 
The dehveiy tube G of Fig 47 can be connected 
directly with the generatmg flask at E, Fig 249 
On gradually admttmg water from the tap- i 
funnd, a stream of acetylene is evolved. A 
modified generating fla^ is illustrated m Fig 
250 In this case the flask is filled with irater, 
and the fragments of calcium carbide are added as required. The reaction 
betiveen the water and the calcium carbide is represented by the equation 
CaCj..-J-J2H20 -> Ga(OH) 2 .-hC 2 H^ The thermal value of the reaction 
IS 29 1 Cal& Tbe reaction is somewhat complex The “ balance-^eet " 
of the heat concerned m the reaction is nsually given as 



Fig 248 — ^Acetilcnefrom 
Cool Gas 


Heat liberated 

Cals 

1601 

Heat absorbed. 

Cals 
5S 1 
69 0 
39 
291 

Formation Ca{OH)j 

Formation acetylene 
Decomposition of water 
Decomposition of caihido • 

Balance 

Total 

im 

Total 

im 


The gas contains small traces of sulphur and phosphorus compounds 
ammoma, etc , but it is usually -pure enough for the experimental work 
desenbed above The gas can he purified from the most objectionable 



Fig 249 -Preparation of Acetylene Pic 250 -Rndorff’s Flask. 


^taming a solution of copper su^HSfe a^idified'^i^ith siiljhunc 

Fig 249 This removes ammqnia,^hosphorns, and sulphm com^6und5.4he' 

* Ammouacal cuprous chloride is made bv 6lRsn^vl,ln■ in ___ * ^ 

With 100 c o of concentrated hydroeWone aad and^n 

hour with an excess of metalhc conwr ^ an 

water Wash the precipitate d?«SltSn 

ptwi^ate m a concentrated solution of LmoniS^ cSiidr® Tf 
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gas then jiasscs C}rough_tho toirerjO^fittcd^w'iCijporfomted shelves on yhich 
TCbt^r^onde of hmo.** this removes the phosphorus compounds This 
sjstem of purification imitates some industrial plants for the preparation 
of large quantities of acetylene In Siemens and Halske’s process for the 
manufacture of hydrogen, superheated steam is allow ed to act upon calcium 
carbide so that the formation of acetylene is avoided as much as possible 
The mam reaction is then CaCj 4 - 6HjO = CaCO^ -j* CO, -}- 5!^ 

Acetylcho" occurs' IS small quantities among the products of the dis- 
tillation of coal gas. 

Properties — ^Acetylene is a colourless gas, Tvluch, when pure, has an 
ethereal odour which is not unpleasant As usually prepared and purified 
the gas has traces of impurities which impart to the gas an offensive smell 
reminding one of garho Acetylene is rather lighter than air 100 
a olumes of ivater at 0“ dissolve 173 volumes of acetylene , and at 20®, 103 
a olumes of the gas. Alcohol dissolves about siv times its own volume at 
ordinary temperatures. Acct5lenoJs.absaEbcd.,by4ummg snlphurio^acid 
Acetylene is poisonous and soon mduces headache ^e nsk of poisomng 
mth aoetjlcne is much less than wnth carbon monomde because acetylene 
18 easily detected bj its smell Tlie colour of the blood, in cases of acety- 
lene poisomng, 13 said to bo cherrj red as xnth carbon monoxide poisomng, 
but the htcmoglobin is not affected in the same way There is more hope 
of recovery with acetylene poisomng than wath carbon monoxide poisomng 

Action of chlorine — Ji a gas cylinder be partly filled xnth acetylene, 
and chlonno be allowed to pass into the cylinder bubble by bubble, the 
acety Icne flashes as the chlorine enters, and deposits soot on tho w alls of the 
oj hndcr Note that methane and ethj Icne xv hen mixed xnth chlorme must 
be Ig nited licfqre tlio soot jsH^qsitcd’' J'Eis expemaont con be' varied in 
an inTcresSn^manncf 1 )\ filling a cjlindcr about one-fifth full xnth a fresh 
solution of “ chloride of lime,” add some hydrochlonc acid The cylinder 
xnll soon be filled xxith clilorino gas Add a foxi pieces of calcium carbido 
the size of a pea As soon os the acetylene comes in contact with the 
chlorine, it bursts into flame xnth the separation of largo volumes of 
C>. H- + Cl- =^2C 4 - 2HC1 

Combustioii -^Acetylene burns xnth a luminous smoky flame, but, 
like tho other hydrocarbon gases, it extingmshes a lighted taper plunged 
into the gas If acetylene bo burned from a jet xnth a vciy' fine aperture 
tho flame is not smoky, but it is oxceedmgly luminous In most acetylene 
burners the gas issues ns txvo small jets so arranged that they strike ngamst 
one another and produce a flat flame. Other holes are located so that air 
IS draxni in and mixed xxatli the gas os it rushes through the nozzle— c,g the 
gas jet of an ordmaiy' acetylene bicycle lamp The great luminosity of 
the acetylene flame coupled xxnth tho easy preparation of the gas from 
carbide,” has led to the extensive use of acetylene for bicycle lamps, 
houses, etc , xrherc coal gas is not convenient , acetvlcno is also used to 
increase the luminosity of other mfiamraable gases* If tho liimuiositv 
(candles per cubic foot) of methane be taken ns one unit, the luminosity 
of ethylene is about 20 , and acetylene, about 50 Acetylene is violently 

explosive XX hen mixed xnth 2J times its volume of oxygen * Tlio gas cannot 

be safely stored under a greater pressure than txro atmospheres— 30 lbs. 
iwr squiira inch— because it is then liable to explode, x lolently by mere 
shock. One method of storing accljleno 'under pressure is to employ a 
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solution of the gas m acetone, irhich, under a pressure of 12 atmospheres, 
dissolves 300 times its volume at ordinary temperatures Oxy acetylene 
liotcpipes are used for welding pieces of iron and steel together under con 
ditions where forge welding is impracticable The dame is produced bj 
burmng a mixture of the two gases dehvered mto special blowpipes undei 
pressure (the acetylene from a compressed acetone solution of acetylene) 
The flame at the apex of the small central white cone has a temperature 
of about 3000® At that pomt, the flame is almost entirely carbon monoxide 
surrounded by a jacket of hydrogen. The temperature at the apex of the 
flame is too lu^ to allow the hydrogen to combme with the oxygen Th? 
flame is therefore hot enou^ to melt iron and steel, and yet s^cientlj 
reduemg to protect the fused metal from oxidation while the welding i* 
in progress The o^-acetylene blowpipe flame (2400®) is said to be hottei 
than the flame furrashed by any other blowpipe — ^the oxy-hydrogen flame 
IS about 2000° 


Action of heat. — ^Although stable at comparatively bigb temperatures 
— ^witness its formation m the electnc arc (Fig 247)-^it is easily decom 
posed, with the separation of carbon, at lower temperatures For instance 
when heated m a glass tube to a temperature between 780° and 800° by 
means of an ordinary gas burner. Fig 246, p 695 The carbon whici 
separates glows brightly owmg to the heat developed durmg the decom 
position of the acetylene ; 20 + H, -}- 50 Cals. These pheno 

mena (1) ready separation of carbon , and (2) the hberation of thermal 
energy which raises the temperature of the products of decomposition 
appear to be related with the high Inmmosity of the acetylene flame A 
commercial process for the manufacture of hydrogen is based upon this 
reaction The separated carbon is employed as a high-grade lamp black 
If acetylene be passed through a glass tube at a dull red heat, 500° to 600°, 
and then through a condenser, a few cubic centimetres of an oil will be 
obtamed which, when distilled, funnshes a colourless volatile hquid which 
boils between 70° and 90° It contains benzene as well as smaller quantities 
of anthracene, naphthalene, etc Ethylene and methane appear to be 
fomed at the same time The benzene appears to be formed bv the 
Ptoj^hon of the acetylene. = Acetylene is also decom 
po^ at stdl lower temperatures, 130° to 250°, in presence of finely divided 
metals— copper, iron, etc vxmueu 

Acetyhd^ —Tie amoimt of acetylene m a mixture of different cases 

“mmom.oal wluho^ 

pitate is dissolved m hydrochlonc acid, and the cotmm- t 
W mam.,, Ev,^ of ^ ““ 

of ocs^tenc Hie presence of aeelylene in to jK 

by sendme a known voinmi. nf nnoi „„„ established 


^•uLcs ixi tne senes o£ hydrogen comuotindc . 

nnunonin fo nnounito nr hydmroie acid, n rednet.™ 
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hydrogen ws attended by increased acidity , so of the carbon compounds, 
C>H 5 , C^ 4 , CjBL, acetylene atone behaves hke an acid because its hydrogen 
atoms can be replaced by a metal The low solubility of acetylene in 
alkahne solutions shows that its acidic character is probably very feeble 
Composition — ^The composition of acetylene has been established by 
methods similar to those employed for ethylene and methane The 
results correspond with the molecule C 2 Hn, and the graphic fonnula 
H— 0==0— H. 

§ 4 Hydrocarbons — ^Homology 

Between 250 and 300 compounds of carbon and hydrogen are known, 
and they can be arranged in a few senes the members of which have many 
properties m common The first member of each of the foUowmg three 
senes is usually treated m inorgamc chemistry, and all the senes are dis> 
cussed in orgamc chemistry 

Paraffin Series Olefine Series Aoettlene Series 

Boiling Boiling Boiling 

point point point 

Metliano CH, -104" 

Ethane -93“ Ethylene CjHi —106" Acetylene CL,Hj -83 0" 

Propane OiH> — 4‘i" Propylene CjHj —40" Allylene C3H4 —23 6" 

Butane CaHu 1" Butylene G4H, 1* Crotonylene C^Ha -—27" 

Pentane OsHi. 38" Amylene CjHi, 39" Valerylene CjH, 48" 

Howne CjHn 70“ Hexylene CaH,- 00" Hexoylene C,H„ 80" 


General formulo CfiHsii t s General formula CnHsn General formula CnHsn-s 
Any member of a senes is represented by the general formula of its 
senes As recommended by C Gerhardt (1843), each senes is called an 
homologous senes because there is a constant difference — OHg — ^betiveen 
any one compound and the next higher or lower member so that all the 
oomxiounds of the senes apjiear to be proportional In the paraffin senes 
if n be less than five the hydrocarbon is gaseous at ordmary temperatures 
from » = 5 to n = 15, liqmd , and from « = 16 upwards, sobd The 
boiling or melting point usually rises with increosmg values of n for each 
homologous senes The hydrocarbons of the first senes are rather inert 
chemically, insoluble in water, and dissolve m one another in all propor- 
fsons , they are excellent solvents for fats and similar substances , they 
bum readily, forming carbon dioxide and water , the gases esrplode when 
mixed "With oxygen and ignited the greater the carbon content the more 

luminous the fiame The terpene senes of hydrocarbons — G^TT ^ . 

starts with valylene, OjHj, and turpentme is the CmHie member The • 
beMene or aromatic senes — CnHjn-B — starts with benzene which is the 
OuHb member , toluene is C^Hg , and xylene, CgHjj 

^ns^tution — It IS interesting to apply the hypothesis that the 
carbon atom behave as if it were a regul^^tetrahedxQn to the 2 carbon 
member ot'CMh of the three senes indicated above, viz ethane, ethene or 
ethylene, and etlune or acetylene The diagrams shown on p 701 illustrate 
how the tetrah^ia may be urated in each case It has been supposed tliat 
the decreamng stalnlity of these compounds with an increase in the number 
of linking bonds is due to the lmd\vg and consequent strmmng of the linking 

lion* arc direo^ from the centre towards the apices of tlio tetrahedra 

T? that each member of the olefine 

senes might be regarded as an allotropio modification of the other Clienuoal 
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anolyses sliojv that they all have the same percentage compoation, and 
all can he represented by the general formula (OHg)^ In the case of 
ethylene, ?i = 2 , butylene, » = 4, etc Similarly acetylene — OjHg — has 
the same percentage composition as benzene — OgHg They differ from 
one another in their moleouhiT vei^t Polymenstn is a wor d, use d to 
i^greM the fact that two or more dafferent comp^ouTias may have the same 
percen^ge composifeon but different molecular weights Water' is pro- 
bably another example We are almost certain that in steam most of the 
molecules are H 2 O > ™ h^uid water probably HgO* and in ice the molecule 



Ethane— CjHg Ethylene~OsH< Acetylene — CjHs 


18 probably still more complex The different polymeno modifications of 
a compound may contain the same elements, but they appear to be asso- 
ciated with diffeient proportions of available enerey, eg 2t5 4- 2H = C H 
-681 Cals , CG-f 6H«CaHo-82 8 Cals. ^ ^ ->2 

The student will have noticed that m nammg compounds we usually 
place the more electropositive element first Thus, from Table XXni , 
hydrogen is more electropositive than oxygen, and accordingly water is 
said to be a hydrogen oxide, not an o:igrgen hydride 


§ 5 The Different Kinds of Chemical Action 

This is a oonvement place to review the different kinds of chemical 
action so far considered 

I ^ReA.CHONS A3I0NG JIoiiECI7I.ES OP THE SaITR Snusri 

I Isomenc change ^The atoms of the molecule undergo a rearran^o- 
m^t to form a new substance of the same composition as the old, but wTth 
^ ammonium cyanate, l^CNO, forms urea, 

f Pollhnenzation — Two or more smular molecules may umte tovether 
to form a mom complex molecule Eg three molecule^ of aceWlenr 
CjEj, may umte and form one molecule of benzene C Hr *v . 

3. Depolymenzahon -A complex molecule dec^posoa nrodHffln<r 

aod ai8 atoms amte mfli tto lotoo to form totoToS,™™**’ 
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5 Decomposition or anal 3 rtical reactions — sutstanco forms two 
or more different substanoes E g merctino oxide fnnusbes mercury and 
oxygen 

H — Beactioss BErwE ES Moleotoes o e P iEPEREin: Co mpound s 

6 Combination or synthetic^ reactions — ^Two or more different 
substanoes umte to produce another substance E g zinc and oxygen 
umte to form zinc oxide , calcium oxide and carbon dioxide from calcium ' 
carbonate , ethylene and ohlorme form ethylene dichloride (addition pro- 
duct) 

j/ 7 Metathesis or exchange — ^Two or more substanoes interact to 
form two or more new substanoes Metathesis, from the Greek furd (meta), 
beyond , riBia (titheo), I place The transposition may involve 

(а) Simple displacement, replacement, or substitution of one radicle 

or element'for another E g metalho iron with copper sulphate 
forms metalho copper and ferrous sulphate , zmo and hydio- 
ohlono acid give zmo chloride and hydrogen* 

(б) Double decomposition or mutual exchange such ns occurs during 

hydrolysis, neutrahzation, etc E g sodium hydroxide and 
hydroohlono acid give water and sodium chlonde , silver mtrato 
and sodium chloride gives silver chlonde and sodium nitrate 


§ 6 Petroleum and Related Products 

Occurrence ■ — Crude petroleum — also called rocA. oU — ^is a thick viscid 
hquid varying in colour from straw yellow to greenish black, and most 
varieties show a greenish fluorescence by reflected hght Petroleum is 
a complex mixture of many hydrocarbons belongmg pnncipally to the 
parafiln senes along with small quantities of mtrogen and sulphur com- 
pounds Petroleum occurs in the Baku distnct in Russia , m Cahforraa, 
Colorado, Indiana, Kansas, Kentucky, New York, Ohio, and Texas m the 
United States , in Mexico, Canada, India, Egypt, South and West Afnca, 
Peru, Tnnidad, Barbadoes, Borneo, Bnrmah, Austraha, Now Zealand, etc 
The oil apparently occurs underground and in some places it issues 
from the eai th without man’s assistance It is usually necessary to “ bore ” 


Sort hole 



Cap-rock 

\ porous 
{oandstone 


Fia 2B1 -iGeologioal Section of Oil well 
(Diagrainmotio) 


through the overlying strata 
and insert a pipe in the “ oil 
basin ” When first “tapped,” 
the oil often “shoots” out of 
the “ well,” but the velocity of 
the stream gradually subsides,^ 
and, after a time, the oil is 
“ pumped ” to the surface , 
conveyed by pipes to a central 
reservoir for storage, and after- 
wards distributed Eig 261 is 
a diagrammatic sketch through 


the stota of an oilfield, and it is intended to give a rough idea of the 
way the oil and gas are associated in some oilfields The gas and oil 

(Beaumont Texas) was Hist “ tapped ” m 1901 a 
K,000 bowels” da ^ the mte 
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here coUeofc near the summit of an anticlinal (concave downwards) 
fold capped by an impemons rook — called " cap-rock ” K the gas is 
under pressure, it is ea^ to understand, from Big 251, how the oil from 
the “ bore ” shown m the diagram would be expelled with some violence 
until the pressure is reheved. Sahne ivater is usually associated with oil 
and gas In some cases the oil is obtnmed from a horizontal stratum 
of porous sandstone or hmestone saturated with oil 

Ongm of petroleum — ^The ongm of petroleum is unknoivn Some 
argue that petroleum is a product of the slow distillation of ammal or 
vegetable products — at high or at low temperatures It is assumed in 
some cases that processes analogous with the manufacture of coal gas 
are being performed on a colossal scale m the bowels of the earth Others 
— MenddSeff, Berthelot — argue that the ode and gas ore produced by the 
mteraction of water with metalhc carbides — say, iron carbide — at great 
depths The former view seems to fit most facts better than the latter, 
although, of course, both theories, and others, may be correct 

Refinm^ — Crude petroleum is used as a fuel m many mdustnes — 
metalluri^j Tocomotives, firc-engmes, steamships, etc A great deal of 
petroleum is purified or refined. The treatment of petroleum oil and its 
products IS a vast industiy Over 200 different commercial products 
arc denved from the purification and refimng of petroleum The crude 
petroleum is placed m a retort — “still” — connected with condensmg 
tubes and receivmg tanks The temperature is gradually raised At 
first, the hghter substances are volatilized and condensed m suitable 
receivers The receivers are changed when the specific gravity of the 
distillate has attamed a cortam value, or when the temperature of the 
retort has risen sufBciently high The chief fractions are 


TviUl L — PltODUCTS OF THE DISTILLATION OF PetKOI ELW 


Fraction 

i 

Chief contents 

Approxi 

mnteboihng 

Uses 



point 


Oymogene 

Blugolene 

an,, 

to 

About 0° 
16“ 

Artificial cold 
Local aniesthc- 

Petroleum ether 

Qasolme , petrol 

Ligroin , naphtha 

Benzme (not benzene) , bonzolme 

CjHk to C,K„ 
^«Hi 4 to CfKig 
0-H„ to C,H„ 
CgHlg to CpHop 

60-60“ 

70-00“ 

90-120“ 

110-140“ 

tic by freesdng 
Solvent fuel. 
Solvent, fuel 
Solvent, fuel 
Solvent, sub- 

Kerosene , photogeno , paraffin 
oil 

iTn-_ _ T 

GfPt, to OrH,e 

150-300“ 

stitnte pamt 
Fuel , illumi- 



nant. 


Z T 1 TO anotuer still, and further 

heated ^ a^gh temperature It furmshes lubncating oils, \asehne 
(^9“4o to used for omtments, etc , paraffin (C„,H to f TT moif 

Jjig 46" and 70") naed for oandlr,; LuataK* 

the retort is mainly coke The products may be shll further nunfied For 

instance, kerosene is washed with sulphuric acid and a 
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redistilled to remove oils of low flash \XHnt (p 741) whtoli might cause an 
explosion when the oil is used ns nii illuminnnt. Sulphur compounds ran 
bo removed, to a certain extent, by treatment wth cupric oxide The 
methods for removing sulphur from these oils arc mainly trade secrets. 

Ozokerite, or ozocento, is a wax like, dark vellou or brown, native 
paraflln with a greenish opalcscenct It is found ns.socmlc<l mt h pot roleiim 
in the sandstone of Galioia, m here it is cxteiisiv el\ mined Sinnll quant it les 
arc found in other places Ozokente when blcacheel and piiriflcd furnishes 
cercsino — ^used as a substitute for beeswax, for making ointments, candles, 
and bottles for storing hjdrofluoric acid Ozokerite and nsplnlturo 
appear to be residues left after the natural distillation of |>otrolcum 
Asphaltum or niineml pitch occurs in quantit j in the " pitch lake " of 
Trinidad It may occur ns a soft broinnsh black substance, or ns a black 
solid, It IB a mixture of different hydrocarbons and resembles artificial 
asphaltum or pitch obtained bj the distillation of coal tar It is used for 
making pavements, viaterprooling nintcnnl», etc 

Oil shales — ^Tlicse shales arc nssocint«l with the pandsloiics, clav s, and 
limestones of the “ calcifcrous sandstone vencs ” in Mid and West l^thiiin 
and other parts of Scotland 'Dio ml slinks of New South ales arc also 
called '* kerosene shales " Good oil shales can often bo lighted n itli a match, 
when thej bum with a stcadj flame rcseinbhng a candle Whin hcalcil to 
dull redness in vcrtic.al retorts thej fiiniisl gas and a liquid distillate vi Inch 
separates into two lajers — the lower aqueous lajer contains iiinnionium 
compounds , the up\wr laj or has a greenish brown colour and it cmitaiiis oil 
and tar Thm Inver olosclj resembles jietrokum and gives himilar prmlucls 
on fractional distillation 'Ihc distillalion of oil Bhales is Incihtntctl bv 
blowing low pressure steam into the retorts Scotch blinks fumisli from 
18 to 50 gallonR of crude oil per ton , New .South AVales slinlrs are s.iid 
to yield up to 100 or 150 gallons of crude oil per ton Dry thsUUalmx 
or dcstnictivo distillation arc terras applied to the decomposition of a 
substance in a closed vessel so ns to obtain the volatile products 


§ 7 The Calorific Power of Fuels 

Thermal oneigy, heal, is Inigely emplovcd for domestic and iiidustnal 
purposes, and a very large proportion of the mcchaiiicnl and electrical 
energy employed in the industrial world is renlh denved from the com 
bustion of carbon in the form of coal In other w ordn, during combustion 
the chemical cnorp “storixl ” up in the fml is digradeil in the form of 
heat energy, which m turn is transformwl into meclmmcal and also into 
clcotn^l energy Tliere is iinfortunatelv a tremendous percentage loss 
m the transfonnation, and one of the most imimitniit problems confronting 
the chemical engineer is to reduce tins loss to a minimum 

pie oommoreial vmluo of coal, to a large extent, is determined bv its 
lioat of conibustion, and consequcntlv, many prefer to purchase coni hv 
a scale based on its heating pow er, not intrclv on its iincc per ton Other 
things being equal a coal Iroiighl at 10s ton uiiglil provo much clicaiii r 
than coal at, B,vy, Js lod Ion, heoaiiso the healing power, tr tho 
available oheimoal energy, of tbc former might ho greater Iii_ com- 
TOirk . thp.. ammmt joUicat Jumislicd by^thiwJombusUonifanit. 
weight (pound, giam, or kilogram) of tho fuel is oaUed tho calorific pSwr 
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ot the fuel The umt of heat may be the amount of heat required to raise 
the temperature cef one pound of uratec 1° Q — this is called the pound 
calorie , if 1® F is used, the so-called British thermal unit — B T U — is 
obtamed. Kilogram and gram-calories are also used- 

The heat ot combustion of carbon (charcoal) is 96,980 cals (p 200) 
This means that 12 grams of carbon -wfll furntsh on combustion to carbon 
diorrde, 96 980 calones. Hence one gram of carbon mil fuimsh 96 980 
— 12 = 8080 cals. This number, 8080 cals., is taken to represent the 
calorific power of the carbon The calonfic power of a fevr important 


constituents of fuel are 

calones 

Carbon to CO- S,0S0 

Carbon to CO 2,400 

Carbon raononde , 2,400 

Hydrogen <to liqmd water) 29,300 

Methane, CHi <to bqtud water) 11,850 

Ethrlene, C-H^ (to liquid water) 10,400 

Acetylene, (to bqnid water) 11,500 


The calonfic power of coal determined m a bomb calonmeter is not 
very far removed from that calculated from the ultimate composition 
of the coal on the assumption that the oxygen m the coal will render one- 
cighth of Its own weight of hydrogen usdess, so far as the development 
of heat IS concerned 


ExAiiPLE — A sample o£ coal furnished, on analyus, 73 per cent of carbon , 
fl 0 per cent of hydrogen, and 16 per cent of oxygen The other constituante 
irero non-comhustibles 'll hat is the calculated calonfic power of the coal ' 
The analysis means that I lb of tli© coal contains 073 lb of carbon , 0 06 lb of 
hjdrogen , and 0 16 lb of oxygen J of 0 16 is 0 02, hence, 0 04 lb of htdrocon 
13 ai suable for heating purposes The carbon furnishes 8080 X 073 « 5898 4 cals 
and the hy^gen 0 04 X 29300 =s H72 cals Adding these two results, tho calcu- 
lated calonfic poner of the coal is 8070 4 cals 


The calonfic power of gaseous fuels— producer gas water gas, etc 

can be determined m a similar manner from the table which precedes 
There is a small comphcation m that the analysis of the ga'ies is usnalJv 
represented by volume The method indicated on p 67 is employed to 
invert the volumes into weights The calorific power refers to tho 
thermal value of umt weight (pound gram, or kilogrom) With gases it 
IS more convement to eiqiress the result as the thenaal value of 1000 
cubic feet of gas 


B reomred to find the heat ot combustion of 1000 c 
sample of coal gas which furnished, on analysis hydrogen, 48 ner cent 
mcnoiade, 8. methane. 36 , ethylene. 3 8 .* rntro^H T 


ft of a 
, carbon 



Percentage 

composition 

1 of gas 

Weight of j Total weight 
Icftmlbsj per lb 

1 

Percentage^ 

weight 

Hydrogen 
Carbon mon- 
ondo 
Methane 
Ethylene 
Xilrogen j 

1 48 0 

80 

I 36 0 

1 3S 

! 42 

0 0056 1 0*260 

0 0871 1 0 625 ! 

0 0447 1 609 

0 078-1 1 0 298 

0 0784 } 0 323 

86 

1 

20 0 ' 
514 ; 

05 ' 

10 5 ' 

‘ ® — i 1 130 

100 0 ' 


Thus, loo c ft of the gas woiglis 3 13 lbs 


Weight per 
Ib of gas 


0 086 

0 200 
0 514 
0 095 
0 105 


1 000 
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Again, 


Combustible 

oonstitnents 

eight per lb i 
of coal gns ' 

Calorific power 
per lb 

Calonfio power, 
calories 

Hydrogen 

0 086 

20,300 

3,617 

Carbon monoMde 

0 200 

2,400 

470 

IVfethane 

0 614 

12,000 

0,160 

Ethylene 

0 006 

10,400 

000 

Total 



10,166 


1000 c ft of tbo gas weighs 31 3 lbs , and 1 lb of the gas furnishes 10,106 cals , 
consequently, 1000 c ft will fumish 10 165 x 31 3 = 317,000 cals 

The student, after solving the problems indicated in what precedes, should 
have no difSculty in oaloulatmg the amount of nir roqmred for the combustion , 
in calculatmg the composition of the products of combustion , and con\ ersoljtr, 
os 18 sometimes needed m industrial work, in calculatmg the amount of air in 
o:s.ces3 of that required for complete combustion given the amount of carbon 
diomde and oi^ygen m tbo flue gases (products of combustion) 


§ 8 The Temperature of Combustion 
Although tho heat of combustion is constant for a definite substance, 
the actual tomx>oratuTO attamed by tho combustion is dependent upon a 
number of factors One pound of carbon furnishes 8080 (pound) cals 
The oomhustioQ of one pound of carbon gives 3§ lbs of carbon dioxide , 
the spcoihc heat of carbon dioxide is 0 216 From the ■anil known formula 
QUfmtity_DLheatj8.ej3Uivalent to the mass otsubstanco^heatecLmultiphed 
l)y>the_Bpecifio_heat ni the subatances heated multiphcd by tho-riEO of 
temperature,,ivo get 


8080^== 9; X 0 216 X Bise of temperature 
Hence the rise of temperature is 10,180“ Wo have assumed that tho 
carbon ivas heated in oxygen, and the heat of oomhustion is spent in 
raismg tho temperature of tho products of oombustion If tho carbon 
wore burnt mjaif, the 2| lbs of oxygen roqmred for the complete com- 
bustion of carbon would be accumpam^ by 8 9 lbs of mtrogen If mtrogen 
bo present as well as oxygen, part of the beat ivill be spent in raismg its 
temperature of the mtrogen Nitrogen has a specidc heat 0 244. Hence 
8080 = (Sj X 0 216 + 89 x0 244) X Bise of temperature 
or the rise of temperature will be 2733“ If an excess of air he present, 
tho temperature will bo still further icduoed. Hence the calculation of 
tho heat of combustion of a substanoe reqmrcs a knowledge of the com- 
position of the mixture heated, the speoifio heat of the products of com- 
bustion, etc If the combustion be dow, some of the heat may he lost 
by conduction, radiation, etc Then again, the speoiho heat of gases 
mcreases with nsmg temperatures so that the speoifio heat of a gas deter- 
mined at low temperatures, say 100“, is not the same as the speoifio heat 
of the gas at, say, 1000“ Hence, calculations of the temperature of 
oombustion, mode m ignorance of these factors, are not of much praotical 
value, although they are sometimes useful for purposes of oompanson 
. , — ^)Vhat js the heat of combostion of methone m oxycen and fn air 

iwhen the oalonflo power is 12,000 T Given the Bpocific heat of steam, 0 480 
® 244 , and (wrbon dioxide, 0 216 Anar Nearly 7160" m oxycen, and 
^2«0 in air Hmt 2 76 lbs of carbon dioxide, 2 26 lbs of steam, and ^ 4 lbs 
of mtrogen are concerned m the combusfaon of 1 lb of methane 
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§ 9 Gunpowder 

If potassium mtratc be uuxod. with powdered charcoal, and heated, 
the two matenals react with explosive violence, forming potassium car- 
bonate, nitrogen, and carbon dioxide 4 KNO 3 -}- 50 = SKoCOg + 2No 
+ SCOj The volume of the gases produced is so much greater than that 
of the ongmal volume of the mixed sohds that if the powder be ignited 
in a closed apace, the expanding gases give the mixture the propelhng, 
tearmg, and sphtting powers oharaotenstic of explosives. It was soon 
found that the explosive effect is greater if the mtre and charcoal be mixed 
with sulphnr, so that instead of sdhd potassinm carbonate a residue of sohd 
potassimn snlphide is obtamed , tbongb side reactions lead to the formation 
of other products The mixture is called gunpowder Theoretically the 
reaction is represented • 4KNO3 -f Sj -f- 6C « 2 K^ + -f- 6CO2 As 

on exercise on the methods of calculation mdicated on the precedmg pages, 
we can compute the approximate pressure developed durmg the explosion 
of gunpowder 


Probl^ -J^x^ulale the, pressure developedLdunng the txplonan cf gttnpovrder 
MOMos^x^seL^For ease m calculation, take the atonuo weichts 0, 12 . S. 32 
O 16 , N, 14 , K, 39 It folloTTS that the theoretical mirfure ■mU contain 404 
grams of pota^^ nitrate , 64 grams of sulphur , and 72 grams of carbon Other- 
rae esprcMed, i6 per cent of nitre , 12 per cent of smphur , and 13 per cent 

represents the average composition of gt^owder 
wfaeh IS nroally stated to be nitre, 75 , charcoal, 14 , ^phur. 10 wateT 1 

pota^inm sulphide^ 66, 

nitrogen, and 264 of carbon dioxide are formed Othennse exoressM tmn 
furnishes 69 per cent of gas , or one gr^ of 
0» and 760 mm pr^e, fnrmsfe 247 3 c rof carbon ^™de 
nitrogen , m all, 32i o c of gas consiiling"dnr49 |mnrbf“caTbSh*Bioxi3e''~5 10 
.gram of and 0 41 gram of pot^mm sulplude Aram one ,Sam of in 

average gnnpo^rder occupies 0 9 c c The surface exuosed bv * 

cm hence 0 9 co ^nU 4^e 6 4 square cm 0 9 c c of 

q97^®0 9-*3e3^^r® 321 cc will bo^lSd u^dw 

363 2 - « 4 = 6i 3 atmospheres pressure per square cm ® 

KTo 

thf of ®the^ 

a sT«‘s 

discussion The difference^w^^^^ mdicoted bj 

(I) The analysis oi the raseous nrnSnnta ^ ^ several disturbinir e0ecta 

“""oside , srae of the nU^ranKS?®" f*®® 
and hvdrogeu sulphide are produced bv thn ^utne ovido , some hydrogen 
m guni»irder . a^d some ^“ter prS 

m which the test is made is sligh^S^o . (2) the apmratus 

measurement of the pressure f rad ^th the a^urati 

appreciablj with n.^ of tem^raS 8bb 
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§ 10 Coal Gas 

When coal is heated m closed vessels to about 400°, it is carbonized 
and a oomparativclv small qunnlit 3 ' of gaseous, and a relatively large 
quantity of liquid, products aic obtained Tiic iijdrocarboii gases consist 
mainly of members of the methane and etlijjene^^series.^ Rcnzcnc, ocety* 
leno, and hydrogen are generally present ~If the temperature of distillation 
be raised, the quantity of liquid products dcorcasc, and the quantity of 
gaseous products increase In other words, more gas and less tar is 
obtained The gas obtained by the high temperature disldlatton has lc<is 
illuminating power Tins is illustrated by the following table 


Tmhf LT — Fiffct oi TFMiinvTini oi Fopmation on tmi 
IiiUMiMTiNc Ponrit oi Com G\s 


ApproNiniato 

, 

Volume o£ gas , 

Illuminating 

temporaturo 

0 ft i 

power — candies 

420“ 

1 400 1 


700“ 

b 250 1 

20 5 

000“ 

0 000 i 

17 8 

1000“ 

10 820 1 

1C 7 

1200“ 

12 000 

15 0 


This decrease m the ilhimuiating powxr is due to (ho decomposition of 
«ic hj’drocarbons into simpler compounds— hj drogen and gas carbon 
The illununating power of the gas depends upon the proportion of " total 
hydrocarbons ’ present, and not on any single one In modem practice 
there is a tendency to raise the (einperaliire of distillation, thus sacrificing 
quality (t e illuminating iiowcr) for quaiititv (» e oiibie feet per ton of 
coal) The gas vanes in composition with the nature of the coal, the 
temperature of decomposition, etc Tlio tar, carbon dioxide, sulphur and 
ammonia compounds, etc -—produced dumig the distillation of the coal- 
arc remov^ from the gas, and fina%, when the distillation is conductcfl 
in the neighbourhood of 1000°, purified coal gas contains approximatclj 

Hydrogen Motl.nno Ethvleno Carton 

^ ^ 42 pf'f cent 

The approvmato proportions of the by products prodnccfl at the same 
time, are, per ton of coal 

^nl gas {10,000 c ft) ^57®o"‘ 

^ 1 1 15 1 

Ona liquor (without water from sorubbore) 177 70 

1508 70 0 

^°tail in tJic manufacture at different gasworks 
STp® description a^istcd by the diagrammatm sketch, 
Fig 252, will give a rough idea of the process of inanufacture 

0 te “"Sr distilled in O shaped fircclav retorts 

atanf Tctort may bo set horizontallj’, vertically, or 

Ranting On small works, the retorts are closed at one end , and in Iwcor 
works, open at both ends The retort is fixed to the non furnace fro^nt 
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•which 18 provided with a dooi, and connected ivith a veitioal exit pipe — 
the ascension pipe — for the escape of Oie volatile products The retorts 
aie generally arianged in tiers of 6, 7, or 9, so that they can be heated by a 
single furnace The charge — about 200 lbs. of coal — is distributed evenly 
over the bottom of each retort and the mouth of the retort luted air- 
tight The retorts are heated by the furnace which -will be discussed 
latei The volatile products pass from the retort mto the hydraulic 
mam which contains condensed coal tar and water This mam runs 
honzontally over the front of the bencli of retorts, and all the retorts 
disohaige into it The gas is here partly cooled, and some tar and water 
are condensed from the hot gas. The pipe leadmg the gas from the 
retort dips into the liquid in the hydrauhe mam, and so prevents the 
gas from passing back — “ back lash ” — ^when the retorts are recharged 
The liqmd m the hydrauhe mom is kept at a constant level by leadmg any 



Gas Producer 

Fia 262 — Coal Gas Works (Diagrammatic Section) 


^oess into the far weU In from four to six hours, the distillation ivill 
bo complete The coke is pushed or raked from the retort, and 
quenched with water to prevent further combustion Another charge 
of coal IS quickly mtroduced into the retort The residual coke may be 
used for heatmg the retorts, and part is sold 

2 The condensers —The hot impure gases pass frefm the hydrauhe 
mam mto a series of iron pipes, several hundred feet long— the condensers— 
Mnneoted so that the gas must pass through the entire length of the nine 
m gas IS here woled stdl further, and more tar is condensed and nm to 

^ separates mto tZ 

Jayerft==the_lower layer,is_(7a« far , and the upper aoucous solution Mn-" 

from the hydra^ic mam tliroughWcbndeijsers by means of an exhaust 
pimp which reduces the pressure m the letort, and also regulates the 
pressure of the gas sent along to be still further puriSid ^ ^ 

3 The scrubbers —In modern works aU the tar is removp/l fmm ti,« 

^ m the condensing plant, but the gas still contams sulphur comSmll 
carbon dioxide, some ammonia, and possibly some tar In one form f 
grubber, a tower is filled with tiavs charged with n 

h,3 a bo «.at gaa floK to™ 
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and up tlio other A spray of mtor tnokles dow the coke The gas in 
passing through the coke is broken up into small bubbles and washed free 
from ammomum compounds by the water The irater is dratm off inter- 
mittently at the base of the tower and mixed with the gas liquor from the 
tar well Tlie ammonia is recovered as a by product 

4 The purifiers — Some of the hydrogen sulphide and carbon dioxide 
in the gas combine -with the ammonia and are removed in the Borubbers< 
The gas still contams sulphur compounds If these were not removed, 
the burmng gas would form sulphur dioxide^ which is objectionable 
Tlie object of the punffcation is to remove the sulphur compounds and 
the carbon dioxide The gas leaving the scrubbers is directed mto o 
senes of low reetangular iron tanks — ^the punfiers — ^fitted witli horizontal 
shelves or gnds ^e shelves are loosely packed with a layer of shghtlv 
damped slake d hm e — say, six inches deep The hme lemoves hydrogen 
sulphide and carbon dioxide A mixture of calcium sulphide — CaSH OH, 
or Ca(SH)„ — and calcium carbonate is formed The calcium sulphide 
may absorb some carbon disulphide 

2Ca<®^ + 083 = CalOHlaCaCSa + HoS 


■When the hme is spent or fouled it is called gas hme, or «pc«l htne 
To make sure that all the sulphur compounds are removed, the gas is 
generally passed tlirough another pUnfior containing feme- l^droxido 
(“ bog iron ore ”) — FejO^ HjO The feme hydroxide forms ferric sulpbdc 
EcjOgHjO -f 3 H 3 S = FcjSa -4- 4H„0 , or ferrbus sulphide and free sulphur 
FCjOjHaO + SHaS = 2FeS + S-f 

IVlieu the nuirture is foiil^ it is placed m a heap for about twenty four 
( hours," and then spread out m layers twelve mehes deep The layers are 
turned over rejieatedly to expose fresh surfaces to the action of the air 
' The black iron sulphides aie oxidized by exposure to tlie air, and free sul 
; phur separate 2 FC 3 S 3 -i- 30^ = 2 Fe 20 j + 6 S , 4FeS + 30^ == 2 Fe 303 + 4 S , 
I the net result is that tlie hydrogen s^phide of the gas is converted into 
I free sulphur, and tlie feme oxide is revived ready to be used again This 
alternate fouling and oxidizing of the “ iron ” is repeated about sixteen 
I times when so much sulphur accumulates — 66 per cent —that it is no 
longer economical to us 6 the oxide again The spent oxide is sold to the 
manufaotui'er of sulphuric acid, and used os a source of sulphur 

S The gas holder — The punfied gas next passes through a laige 
meter— 8 /a/io» mefer— which records its volume The gas holder is an 
enormous oyhndncal iron tank wluch floats in a cistern of water, and rises 
or falls as gas enters or leaves The cylinder is so weighted that the gas 
can be expelled from it at the necessary pressure From the gas holder, 
the gas passes to the governor, where its pressure is reduced and regulated 
so os to give a supply of gas at the necessaiy pressure, 

^ ^PxbjiKproducts* — ( 1 ) Cole is a valuable fuel and flnds a ready 
sale (2) Oas mrl^ is a hard dense deposit of almost pure oarbon whidh 

nm,i oxpenmentol ovidenoo to show that the sulphur forms sulphuno 

“ “o*st atmo^hero unless the temporoturo bo so low that tho whtor is 
condensed to a liquid [cf p 418) ^ 

thrtt **“^'*™ luay absorb oxjgon so rapidly 

^ tomperaturo may dwtroy tho w ooden grids m tTio purifier Lwo 
lotion ^ “'«sfuro of old and now forno ojudo so as to Ic^u tho risk of 



HYDROCARBONS 711 

gradually collects on the inside of the retort It is a good conductor of 
electricity, and is used for tlie manufacture of carbon rods foi electric 
light in g, and of plates for galvanic hattenes (3) Gas^Jtviie is used for 
agncultmrol purposes (4) Tar — gas tar, coal tar — is a black viscid foul- 
Bmelhng hquid used as a protective pamt for preserving timber , making 
tarred paper, -waterproofing masonry, etc Tar is a mixture of many 
“orgamc substances” -which are separated by distillation at different 
temperatures. Jt f urnishes earbohc and creosotic oils, benzene, naphtha-^ 
le ne, anth racene, dyestuffs, flavouis,^peHumes,bils,'"e£c^''The°rwidu6 m^h6 
retort" is”“*pitch Asphidt is a solution of ptofflnTieavy tar oils, and is 
used m makmg hard pavements, varnish, etc (6) Amifnom a lie am- 
momacal liquid is boiled -with nulk of lime and the expelled ammoma is 
nuxed -with sulphuno acid. The tarry matters are separated, and the 
solution of ammomum sulphate is evaporated and crystallized for the 
market 


§ II Producer Gas 

We have seen that carbon can umte directly -with t-wo different pro- 
portions of oxygen forming carbon monoxide and carbon dioxide The 
former, carbon monoxide, can be converaently regarded as parltaUy bumi 
carbon , and the latter, carbon dioxide, as the final product of the combus- 
tion One pound of carbon burnmg to carbon monoxide will funnsh 
2400 cals , and the resulting carbon monoxide will generate 6680 cals, 
on combustion Thus, one pound of carbon will produce 

0 — ^ CO COg 

Weight 1 ”>■ 2^ ->^3^ pounds 

Heat . -» 2400 6680 = total 8080 cafe 

In furnaces designed to make «fael gas” by the partial oxidation of 
coke, the products of the actual combustion of the coke pass throueli a 
deep bed of hot fuel Carbon monoxide ® 

IS the result The carbon monoxide can 
be led to any desired spot and burnt to 
carbon dioxide Tlie furnace is called a 
producer or generator , ^ and the gas coke 
pr^ucer gas, or coke generator gas. ^he 
solid coke m the producer is partially 
oxidized so as to furnish a gaseous fuel 
— hence tlie term fuel gas is sometimes 
used for gaseous fuels The idea was 
first put mto practice by 0 Bischof m 
1839 The modem producer is a modifica- 
tion of Bisohofs ongmal producer in some 
minor details In Fig 263, A, is the 
charging hopper of the producer Tlie 
bopper IS filled Tvitli fuel, the upper lid 
plaeed in position, the lower shelf is 
drawn to the side so that the fuel drops 
into the producer -without allowing the cas to » 

flreta, 0 th. a™ 



Teduetion 

ija^/oco 

oxtdatwn 

CtoCOz 


Fio 263 — Bisdiof s Producer 
(1839) 


» For other producers, see Pigs 234 and 262 
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combustion of the caibon , D is a door for cleaning firebars, etc , when 
required , E regulates the amount of — so called — ^primary air admitted 
to the firebars 8 represents “ spy holes ” for poking, etc The shape 
of the producer sliows that it has been modelled after the blast furnace 
where a combustible gas is obtained os a by-product in the smeltmg of 
iron Instead of depending upon the blast furnace for gaseous fuel, 
Bischof apparently conceived the idea of making a similar furnace to 
supply nothing but gaseous fuel 

Since every volume of oxygen in air is accompamed by four volumes of 
mtrogen, coke producer gas, obviously, must contain both carbon monoxide 
and nitrogen Under ideal conditions, it follows that coke producer gas 
contains 

Volume Weight 

Carbon monoxide 34 7 34 7 

Kitrogen 66 3 06 3 

But one pound of carbon, bunung to carbon dioxide, develops 2400 units 
of heat. Hence 0 347 lb of carbon monoxide, or 1 lb of producer gas 
will develop 84G units of heat Tins number represents the calorific 



Flo 264 — Preparation of Producer Gns 


power of coke producer gas. But one pound of carbon produces 6 7 lbs, 
of coke pioduccr gas. Hence 

Heat from 1 lb of carbon 8080 onla 

Heat of 0 7 lbs coke producer gns 6005 cnls 

Heat lost m conversion 2416 cols 

/Honce, about 30 per cent of the heating value of the coke is lost by 
conversion of the solid coke fuel into gaseous coke producer gas 
®iis loss IS represented by the beat generated m tJie producer itself 'uhile 
burning the coke to carbon dioxide Industnally this loss must bo counter- 
balanced m some way, or the use of the coke producer gas ^vlll be less 
officiont than direct firing ■with solid fuel 

Reactions m the producer — ^Tlie reactions m the producer can be 
imitated on a small scale in the laboiatory If a hard gloss or poredam 
tube S be packed ^v^th charcoal, and connected at one end ‘nitli a gas 
holder containing mr, A, Fig 204, and the other end ^nth a delivery tube 
and gas trough, (7, nhen an is slonJy dj'iycn through the bed of hot 
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charcoal, cathon mono-ade musied. -with atmosphenc mttogen collects m 
the gas jar. The gas bums vnth a blue flame It is coke producer gas. 

Attempts to find if carbon bums first to carbon dioxide or to carbon 
monoxide have not given any decisive result In every case both gases 
have been detected among the products of the reaction- Hence it is not 
at all nnhkely that ire are dealing mth concurrent reactions typified W 
decomposing potasaum chlorate (p 137) * 

3C-20.<g^ 

The relative proportions of carbon monoxide and carbon dioxide formed 
dnxmg the action are detennmed by the temperature There is also an 
interaction betireen the excess of carbon and the higher oxidation product 
smce the reaction CO; — C ^ 2CO is a balanced reaction The relative 
proportion of carbon dioxide to carbon monoxide, for eqmlibnnm, is here 
again determined by the temperature For instance, any mixture of 
carbon monoxide and carbon dioxide when heated in the presence of 
carbon produces at . 


Temperatnre 

Per cent 

CO 

br volame 

CO. 

450’ 

o 

9S 

750’ 

76 

24 

1050’ 

99 6 

04 


This also shows that if the temperature of a producer be m the vicunty 
of 450® very little combustible gas will be obtained , and coiiver«»ly. m 
the vicmity of 1000®, nearly the maximum possible amount of combu<^ble 
carbon monoxide will be present. Hence the temperature of the producer 
should be about 1000® m order to get the maximum yield of carbon 
monoxide with a minimum loss of heat 

In the combustion of gaseous carbon compounds, the carbon appears 
to burn first to carbon monoxide (p 732) Highly purified carbon be 
heated to redness m well-dned oxygen without producing the characteristic 
glow of carbon in oxygen, while but a very small amount of carbon dioxide 
and a large amount of carbon monoxide are obtained. There is nothing 
to show that the mechanism of the reaction with perfectlv dned matenab 
as in Bakers experiment is the same as when moisture is* present 

Coal produi^ gas If coal be used m the producer in place of coke 

The resnltmg foel gas will therefore be a mixture of coal gas and. coke 
produter gis. But gas, as mdicated on p 705, has a relatively hieh 
calorific 10 155 cals. Hence, the use of coal m place of coke 

TnllraiK the ^onfic^wer of the producer gas. The lt»s in the percentage 

^ ^ because part of the heat^ ntiW 

m distillmg the coal One advantage of nsmg coal producer pas 

the that slack, and mfenor coal generallv, can be Suplored 
M^r conditions where a more expensive coal wonld'be needed fS^diiect 

with fad engineer IS constantiv con&onted 

d„crg„ ft, ™. 

Constructional details, tvp“ of burner It™, nf n efficient working 
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hot, and the hot gases aro allow cd to escape into the air, a certain percentage 
of heat IS ivasted There are several E^stoms for utilizing this heat to 
warm up the air required for the combustion of the fuel gas, etc It will 
he noticed that in burning solid fuel partly in the producer, and finally 
in the furnace, two separate supplies of air are need^ The first supply, 
used for gasifjnng the fuel, is, for convenience, called the pnmary air, 
and the second supply used for burning the gaseous fuel in the furnace is 
conveniently styled fhe secondary air See Fig 252, p 709 

The blue lambent fiame which sometimes fiiokers over a dear coke (or 
coal) fire is burning producer gas The air — primary air — entormg at the 
grate reacts with the red hot carbon C + Oj = CO^ , and this passing 
through the red hot carbon of the fire is reduced COj + C = 2CO The 
carbon monojade on top of the fire meeting air — secondary air — ^bums 
to carbon dioxide with a blue flickering flame 2CO -f Oj = 2 CO 2 . 

§ 12 Water Gas 

When carbon is heated m a gas producer, and a ourront of steam is 
blown through, the two mteraot forming hydrogen and carbon monoxide 
— ^both combustable gases C + EE^O ^ CO + Hg. The resulting mixture 
has a very high calonflo power It is called water gas. Water gas is 
dmost free from dilutmg mtrogen If the reaction occurs below 1000'’, 
carbon dioxide begins to accumulate in tlie gas, and tlus the more the 
lower tlie temperature of the reaction. For instance, Bunte found 

Tabi f lit — Effect of TEwrEnATimE of Foumation on thi CoiirosmoN 

OF Water Gar 


i 

Temi>eraturo j 

1 

1 

Per cent 
of steam 
deoomiKKcd 

Percentage composition of gas produced 

j TTj drogen 

1 1 

1 Carbon i 
1 monoxide 

Carlion 

dioxide 


8 8 

06 2 

— 

29 S 


04 0 

48 8 


1 6 


90 4 

60 9 


00 


For convenience in thinlnng, let us suppose that the reaction occura in 
two stages (1) decomposition of the water 2 H 2 O ^ 2 H 2 + 0 , , and 
(2) oxidation of the carbon by the hberation of oxygon 20 + On = 2CO 
Tlie heat required to decompose the water in the first reaction is greater 
than the heat given ofi during the combustion of the caibon by the liberated 
oxygon Thus 

Heat absorbed m decomposing 18 lbs stonm — W,600oals 
Heat o\ olved m burning 12 Iba of carbon to CO +29,620 cals 
Heat absorbed during the reaction —29,080 cals 

Hence the producer must be getting cooler all the time the steam is 
passing through the fuel bed. It appears to be ncccssaiy to provide heat 
frm an outside boutoc to maintain the temperature of the producer 
sufficiently high to prevent undue amounts of carbon dioxide accumulating 
in the products of the reaction It is not economical to heat the producer 
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externally, and make the formation of water gas continuous In modern 
M-ater gas plants, the carbon m the producer is raised to mcandescfenco 
by a blast of air — ^the air hloio — contmuedfor about ten minutes Tins 
IS foUoAved by a ]et of steam nntd the temperature falls to dull redness 
— steam hloiv — contmued for about four nunutes When the air blow is 
m progress, the producer is not making water gas, and m consequence, 
a damper is used to deflect the stream of gas from the producer elsewhere 
The water gas reaction can be illustrated by substitutmg a flask in 
nhich water is boihng for the gas holder. A, Fig 254 The gas which is 
collected can be analyzed by Tninog a defeite volume with air m Hempel’s 
burette (p 623), and exploding it m Hempel’s pipette Note the dimmu- 
tion m volume , and then absorb the carbon dioxide as indicated on p 661 
Tlie data so obtamed enable the amount of hydrogen and carbon monoxide 
to be calculated. 

/ / Semi-water gas — ^By combimng the operations for makmg producer 
^^s and water gas — ^mixmg the arr which passes through the producer 
with ]U8t sufficient steam to maintam the temperature of the producer — 
the extra heat developed during the oxidation of carbon to carbon monoxide 
IS utibzed m decomiiosing the water vapour Li practice, it is found that 
at least 4 lbs of carbon should be burnt by the air for every 1 lb of oaibon 
“ burnt ” by the steam Under these conditions, the gas from a producer 
bnnung coke will be a mixture of water gas and coke producer gas 
Under ideal conditions therefore we should have a gas containmg carbon 
monoxide, 37 0 , hydrogen, 7 4 , and mtrogen, 65 6 per cent , and 
possessmg a calorific power of 1144 cals as opposed to 846 cals with simple 
coke producer gas whore steam is not used Consequently, instead of 
losing 30 per cent of the heat value of the fuel m the conversion, only 20 
per cent is lost 

In modem producers, the fuel gas is made by blowing steam and air 
into the body of the producer fed with slack coal The result is a mixed 
producer gas, also called semi-w'ater gas For the sake of companson, 
analyses of coke and coal producer gases, water gas, mixed coal producer 
gas, and carburetted water gas are mdicated m Table T.TTT 


Table LIU — Pkkce\tage Composition of Fuel Gases n\ Voiustr 


Constituent 

Coke 

producer 

gas 

Coal 

producer 

gas 

Water 

gas 

Mixed 
coal pro- 
ducer gas 

Carburetted 
water gns 

Non com Com 
buatlblo bustible 

r 

1 Methane 

Ethylene 

Carbon mono ndo 
^Hydrogen 

(Nitrogen ] 

Carbon dioxide 
[Oxygon 

08» 

00 

33 3 

4 02 

61 3 

1 6 

01 j 

I 

20 

04 

24 4 

SC 

50 3 

62 

01 

1 3 
00 

45 6 

46 3 
42 

3 1 

" i 

1 2 

02 

26 2 
182 

40 1 

00 

01 

10 8 

87 

28 7 

40 2 

4 3 

1 2 

0 1 

Calorific power (opprox ) 

000 

1130 

■ 

3560 

1320 

6060 


‘ Domed from tbo hydrocarbons romamuig m the coko 
- Den\cd from the moisturo in the fuel and in the aur 
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The oalorific powers of these gases may be compared with 10,165 oals 
obtaued for coal gas, pp 705-6 


§ 13 Enriched or Carburetted Water Gas 

Water gas bums with a non luminous flame, and, though a valuable heat* 
ing agent, it is useless for hating purposes unless it be employed in con* 
junction with, say, a Welsbaoh’s mantle Hence, if water gas is to be used 
as an illuminating agent, it is chained with hydrocarbon gases wbioh do 
I not condense on coohng The mixture in called carburetted or enriched 
* water gas- The carburettmg is conducted as folloivs When the air blast 
IS in progress, the products of combustion from the top of the producer 
are deflected down a tower contaimng ehcckered brickwork, and called 
the carburefter, then up another tower also contaming checkered brickwork, 
called the av/perheater , and thence into the air The result of this is to raise 
the temperature of both towers — the carburetter and the superheater 
The air valve at the top of the superheater is deflected so that the super- 
heater 18 put m communication with a third tower resomblmg the scrubbef 
of a gas works. A spray of oil is stmultaneously directed into the top of 
the carburetter, and steam is blowm mto the producer As the water gas 
and oil pass down the hot carburetter, the oil is deoomxiOEed — “ crocked ” 
— and the dccomxiosition is completed in the superheater In this way, 
the oil IS transformed mto gases which do not hquefy when cooled. The 
gas is purified and washed in the scrubber, and thence passed to the gas 
holder 

A gas called lUununatmg gas, and sometimes, by courtesy, “ coal gas,” 
18 a mixture of 60 to 70 jier cent of carburetted water gas with coal gas 
The high jieroentage of carbon monoxide makes such a gas fai moro 
poisonous than coal gas In the so colled PmUch's oU gas, the oil is 
sprayed into hot retorts and then passed through a condenser, scrubber, 
and lime purifier into the gas holder 


Questions 

1 hat are hydrocarbons t What is a homologous senes T When a 
Jiyarooarbon buw m tho presence of an excess of air what are the products of 
combustion T How is eth-vlrne prepared t Give the equation representing the 
change which takes place when othjlene hums in an What is formed when 

volume of clilonno T Give the equation — 

"''mulaotured and purified T hat ore tlio by products T 
‘mpuntios present m ordmory cool 

contoms 84 per oetit of ovailable corbon, and 6 per cent 

^ W.O b™ 

volume of ethylene (olefiont gas) 

sr ”* 8“ “ •>” 

ovveen * mi^ure of CO and Cf^ vapour were mixed with 300 o c of 

o^oration^bv^nt^a^*SL®‘’°’*“'v’ gases occupied 340 c o and after 

of remninod Show how the composition 

determined by each of the follomng data (i) die eon 
Manchrsfer absorption, and (in) tho oicygen consumed — Victono Dmt , 

0 About what proportion of tho total heat givon out on the complete com 
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bustion o£ carbon is sacrificed by first con\ertmg the carbon into carbon monoxide ' 
Gn 0 any explanation vou can of the probable causes of this difference IVhat do 
you understand by the expressions endothemiio ” and ' exothermic ” com- 
pounds London Univ 

7 Ei^lam as fully as you can the statement that “ ethylene dibromide may 
bo regard^ either as an 8ddltl^e compound of ethylene, or as a suhstitntion 
derivative of ethane ” — London Vntv 

S IVhat 13 meant by “ saturated ” and “ nnsaturated ” compounds T Ulus 
trate your answer by taiemg as examples carbon monoxide, carbon dioxide, marsh 
gas, and ethjdene — London Untv 

9 What 13 meant by the expression — “a homologous senes”! One an 
instance of such a senes, -nith names and formnls — I onaon Untv 

10 Calculate the beat of formation of methane, GH4, giv en — C + O- = CO- 
-4- 96 9 cals , K; -f- O * BT-O -1- 68 4 cals , and OU4 40 « CO- -f- 2HsO -j- 
213 5 cals — French Coll 

11 10 e c of a gaseous hydrocarbon are exploded mth an excess of o^gen. 
A contraction of 15 c c is oteerved After the explosion, a further contraction 
of 20 c c IS observed on treatmg the resnltinc gases wth potassium hydro-ado 
solution WTiat is the molecnlim formula of the hydrocarbon ‘'■—Customs and 
Excise 

12 18 cc of a gas, when mixed mth 18 cc of oxygen, and exploded, contracted 

to 1 5 c c On addmg potash, a further contraction of 6 c c took place, and the 
residual gas was entirely absorbed on the addition of pyrogallol vajiour 

density of the gas was found to bo 5 33 c o and none of it mas capable of atoorptton 
by jxitash before the explosion Dram any conclosions you can os to the natnro 
of the gas, and state by nhat experiments you nould seek to confirm them.— 
Oxford Unti * 



CHAPTER XXXVII 

Allotbopio Poems of Caebon 


§ I Amorphous Carbon — Lampblack. 


It romains to discuss the properties of the allotropio forms of carbon 

1 The term “ amorphous carbon ” is used to mclude the different 
'farieties of vegetable and animal charcoals — lampblack, charcoal, sootj^ 
gas_ carbon (p 710), and coal 'IbeBC are non oiystallme more or less 
impure forms of carbon The term “amorphous,” however, is rather 
carelessly used Strictly speaking, the word is synonymous ■with “non 
crystalline,” but it is sometimes used m reference to the mere external 
irregular shape of the granules rather than to the mtemal crystalline 
structure (p 177) 

2 Graphite moludes the so called amorphous and orystalhne graphite 

3 IDiamond includes boart and carbonado 

That these are different forms of the one clement is proved by the 
experiment indicated on p 668 Pure varieties of each form — sngar char 
coal, graphite, and diamond — fumisb on combustion the same amount 
of carbon dioxide per gram of material, although the heat evolved during 
the combustion of twelve kilograms of each form is different Other 
characters also vary, e ff « 

Diamond Graphite Charcoal 


Heat of combustion (Cals ) 04 31 

Specific grai ity 3 6 

Speoiflo heat 0 1460 

Igmtion temperature (oxi gou) 800®-876® 


04 81 
26 

0 2017 
660'’-770'* 


07 66 
1 6 

0 2416 
BOO'-eOC" 


These are therefore different forms of one element associated 'with different 


amounts of available eneigy 


A comparison of the atomic rreighte of carbon, nitrogen, and oxygen, and the 
large number of volatile compounds formed by carbon might make it probable that 
ita molecule is C. The high boiling and freoang points, and the chonucal inertness 
of carbon, on the other hand, make it appear as if the molecule is complex and o 
comparison of the results m the above table has led to the ossumption that the 
molecule of carbon in the diamond is mote complex, than m graphite, and in grapbito 
more complex than m charcoal 


Lampblack is made bv burning substances neb m carbon in a bmited 
supply of air so that the maximum amount of smoke is developed — ^for 
example, tuipentinc, petroleum, tar, acetylene, etc The smoke is passed 
into largo chambers in which coarse “ blankets ” ate suspended The 
“ soot” collects on the blankets Lampblack is also made from natural 
gas Armg of burners is mounted below a cast iron disc with a groove on 
the nm convex downwards m such a way that the flame from each 
burner is divided mto two parts Gold water runs into the upper side 
of the groove, and away vid the hollow shaft which rotates the iron disc 
This keeps the metal in contact with the bummg coal gas. Soot is 
deposited on the groove As the disc revolves, an automatic scraper 
removes the lampblack from the grooves of the disc The lamphkmk 
falls mto a hopper and is convoyed by elaborate maohmery to be ground 
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to the finest povrder sifted, and ■reighed into sacks Lampblack is nsed 
for making printer’s ink, stove and shoe polish, pamts, and m fact neatly 
everything in which a black pigment for colotmng matter is reqnired. 
Lampblack is one of the purest varieties of amorphous carbon The 
analyms of a sample of ace^lene “ soot ” furnishes 1 4 per cent of hydrogen, 
and 98 6 per cent of carbon The hydrocarbons can be removed by heating 
the substance m a current of chlocme 


§ 2 Charcoal 

Wood charcoal — There are two mam varieties of charcoal — wood and 
bone Wood charcoal is made by burning irood with a limited supply 
of air m a charcoal pit or lain ; or by heatmg wood m closed vessels so that 
air IS excluded In illustration, place a few bits of wood at the bottom 
of a porcelam crucible Cover the wood with a layer of fine sand so as 
to cut off the supply of air Heat the crucible until combustible gases 
cease to be evolved. When cold, a small piece of charcoal remains in the 
bottom of the crucible Note the shrinkage m volume during the car- 
bonization by companng a piece of charcoal with a hit of wood bke that 
heated m the crucible preserved as duphcate Charcoal resists the action 
of moisture, etc better than wood, and hence wooden piles, fence posts, 
and telegraph poles are often superficially charred before being put m 
the ground. Some claim this treatment ^ves the timber a longer useful 
life Charcoal is used as a fuel, in the manufacture of iron and steel, 
in the manufacture of gunpowder, in metallurgical operations, os 
d^onzer , filtering medium, etc (see belou) 
r Pit ch^coal —In outhnethemdustnalpreparafaon 15 as follows Small 

lo^ or billets of wood are loosely piled into vertical heaps and covered 
inth so^ and turf to prevent the free access of air A " shaft ” is left in 
the middle of the pile to act as a central chimnev or flue, and smaller 
holes ate left round the bottom to admit the air. The pile so prepared is 

or a Afrffer (German) The amingement Jnot 
The wood IS lighted bv bmshwood 
sufficient air to aUow the wood to smonlder is passed 
matter escapes, and in ohont fifteen davs 
the dies out ^t^u SO and 90 per cent of the weight of tS wooI! 
on the av^ge, is lo^by combustion, and the remammg 10 to 20 per cent 
IS wood charcoal The process can only be used w^te wood S^heau 
because the method is uneertam and wasteful The process 

from the outed^ ’ !ae 

be condurted simply for charcoal without recovenng tS brSdurff nr 
the operation mav be conductrd KnTno.n.i,»* ... * ine oy-prodncts, or 

the manufactnro & coaTga “ 

mclude - solid_charooal.m:<ie reto^ h^ui^^^^ 

‘^.di..de,,carb9nto;om&-f^ 
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gas 18 used, for illummatmg purposes only uhon tlie temiicraturc of dis 
tiUation has been very high The products are apprommately charcoal, 
26 3, methyl alcohol, 0 8, acetic acid, 10, tar, 40, water, 46 9, 
wood gas, 23 per cent The charcoal in the letort retains the form of the 
wood from which it iras prepared. Kiln charcoal is more compact than 
the pit charcoal — ^m the former case the charcoal weighs 20 lbs per bushel, 
and m the latter case, 16 lbs per bu^el The yield of charcoal is about 
81 per cent by volume, 28 jier cent by iveight 

The dry ^tillation of wood can be well illustrated by placing some 
pieces of pme wood m a hard glass retort fitted with a receiver, etc , as 
shown in I\g 265 The tar and aqueous products condense m the receiver, 
and the wood gas itsdf can bo lighted The watery hqmd obtained by 
the dry distillation of wood is redistilled. The first portion of the distil 
late IS the so called “ wood spirit ” The ivond cpirit is purified by dis 
tillation from recently igmted qmckhme , and by the evaporating of a 
mivture of the wood spirit with fused calcium chloride to dryness Tlio 
resulting compound (CaClo ^CHjOH) is decomposed by treatment ivith 

water, and the solution is dis 
tilled Einally, the distillate is 
rectified by repeated distillation 
over fresh quickhme The result- 
ing methyl alcohol, CH3OH, 
boils at 66 78° 

Bone or animal charcoal — 
This is made by heatmg bones, 
blood, etc , in closed retorts. 
The bones may or may not have 
been subjected to a prehminary 
extraction with naphtha or ben- 

or water to remove gelatme (glue) — degdatmized bones. The products 
of the distillation molude sobd bone charcoal in the retort , hqmdsj^ 
numlier of ammomum salts, bone oil, bone pitch, pyndme, etc , and gases 
of various kinds Bono charcoal oontams about 10 per cent of carbon 
so that it IS questionable if it ought to be mcluded with the varieties of 
carbon at all However, the carbon is very finely divided and dissemmated 
through a porous mass of about 80 per cent, of calcium and magnesium 
phosphates, and it seems to have specially valuable quahties. Bones 
furmsh bondlach — sometimes called ivory black — ^tho term twry blacL is 
usually applied to the product obtomed by digesting bone black with 
hydroohlono acid to remove the calcium phosphates. Blood furmshes blood 
(Aarcoal For the uses of bone black and ammal charcoal, see below , ivory 
black IS used as a pigment , m the manufacture of bloclnng, etc. 



§ 3 The Properties of Amorphous Carbon 

The specific gravity of carbon is greatly influenced by the temperature 
to which it has been heated, amorphous carbon varying from a specific 
gravity 1 46 to 1 70 Although charcoal per se has a greater specific 
gravity than ivater, Ordinary charcoal will float on ivater because it is 
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buoyed up by the air m its pores. If charcoal be ■weighted with, a bit of 
lead and boiled m "water for a few minutes, the air ■will be displaced by 
■water and the wet charcoal wiH sink when placed on cold water. A stick 
of charcoal can also be “ anchored ” below the surface of water in a tail 


cylinder by means of a piece of stnng and a weight at the bottom of the 
cylinder The stoppered cylinder is then connected with an air pump. 


Fig 256 The bubbles 
of gas nse through the 
water As the air is 
removed, the charcoal 
gradually sinks to the 
bottom of the cylmder. 
Absorption of gases 
— Charcoal has a remark- 
able power of absorbmg 
gases, etc. A fragment 
of charcoal recently 
heated to expel air from 
its pores, IS placed under 
a cybnder of ammonia 
gas. Fig 257. The 
ascent of the mercury in 
the cylmder is a striking 
demonstration of the 



Fig 25D — Gases 
absorbed b} 
Charcoal 



Fig 257 — ^Absorption 
of .Ammonia bv 
Charcoal 


absorption of gas by the charcoal Hie phenomenon is sometimes styled 
adsorption, meamng that the gas adheres m some unknown way to the 
surface of the charcoal One volume of cocoanut charcoal "absorbs 
(Hunter) 


> orames at o- , 760 mm. 

Ammonia 171 

Ethylene 75 

Carbon cliosde Qg 

Carbon monoxide 

Oygen Jg 

^lt^ogen jg 

At low temperatures the absorptive power of charcoal for some 
gases 18 very much ^ater Hius, a gram of charcoal which absorbs 

Mo'L absorb nearly 13 timra as mnob. namely 

2d0 C.C at -pS , the correspondmg numbers for hvdrogen are 

If ® ^ affords a Sans S 

separating gases which are not readily 
absorbed (hehum, neon) from those which are readily absorbed (air etc f 
It appears as if the gases which are absorbed in greatest qnantitv hv 
!^PP”*^^tely those most easily condensed to the ^md 
or wrongly, it is sometimes stated that the gases^are 
^tu^y hquefied on the surface of the charcoal In any case ^^^ 00 ^ 
densed ” gas is usually more chemically active than the li 

be brongh, rnto oxygen gar. tbe mpd oombmafon 
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that the oharcoal in inflamed Sowers and foul plaoes are sometimes 
temporarily purified — “ sweetened ” — by eharooal , charcoal biscuits have 
been recommended modioinally for absorbing gases in the alimentary 
^canal in eases of flatulence 

Absorption of liquids and solids — Cliarcoal also absorbs solids and 
liquids in a similar way A solution of btmus (indigo, tea, vinegar, etc ) 
posses through filter paper mthout any noticeable change in the colour 
of the solution , but if the solution bo filtered through oharcoal, or if some 
recently ignited animal charcoal — saj 10-20 grams — bo shaken up mth 
50 0 c of litmus solution and filtered, the filtrate is colourless A solution 
of acid quinine sulphate has a bitter taste, but after filtenng through 
animal oharcoal the solution no longer tastes bitter , 10 o o of an aqueous 
solution of lead nitrate (0 6 gram of the salt per litre) after boiling uith 10 
grams of animal charcoal and filtering, vnll gn c no precipitate avith hydrogen 
sulphide — ^the original solution mil Ad\ antage is taken of tlus property 
of animal oharcoal or bone black to rcmo\c the colouring matter from manj 
products manufactured industnallj E g coloured solutions of brown 
sugar are “bleached” on boiling with animal charcoal Tlio charcoal 
removes the broii n resinous colouring matter, and the evaporated syrup 
furmshes nhito sugar , fusel oil can be removed from nhiska by filtration 
through animal oharcoal before the whisky is rectified Cliarcoal filters 
are used for romosung organic matter, etc , from drinking water Bnt 
since a given mass of oharcoal cannot absorb an unlimited supply of 
orgamo matter, frequent cleaning is required to maintain the cfllmenev 
of the filtenng medium, othennse the charcoal charged mth organic 
matter may serve as a culture bed for baotena, and do harm rather 
than good Consequently, the charcoal is cleansed from time to time bv 
calcination at a red heat, otherwise, it becomes clogged, contaminated, 
and inoficotivo 

Combustion — Ordinary oharcoal bums readily in air and in oxygen 
mthout smoke Tlic tcmiiemtiiro at wluch combustion storts is lately 
determined by its physical condition, if the charcoal bo very finely divided, 
it may ignite spontaneously m air The higher the tomperatnro to which 
oharcoal has been heated, the lughor the temperature at which it ignites 
in oxygen Sugar charcoal which has been heated in the ehctrio furnace, 
and graphites generally, must bo heated to 660® before combustion can 
start 

Carbon a reduang agent — Tlio “ affinity ” of carbon for oxygen is 
so great that it can take the oxygen from many metallic oxides Hence 
in motallurgioal industries, carbon is often used as a reducing agent for 
ores of iron, copper, mno, lead, etc When a mixture of carbon with one 
of these omdes, say, lead, is heated in a onicible, either carbon monoxide 
or carbon dioxide is evolved, and tho metal remains behind 


PbO + 0“» Rb 4- CO , or, 2PbO + C = 2Pb + CO„ 

Carbides —Carbon also urates directly mth many elements at luch 
temperatures — e g with sulphur to form carbon disulphide (p 088) mth 
ratrogen to form cyanogen (p 767), mth hydrogen to form aTOtylcne 
j \ carborundum , and with metals to form 

are OTmpoiiwds of carlon wlh other elemenUt-chiefly 
metals Tho most important of these, commercially, are silicon carbide 
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and calcium carbide Many of the carbides react diMy yith water 
fo rming hydrocarbons — methane (p 692), acetylene (p 69 4 ), etf x ^ 

Calaum carbide— CaCa—^s made by heating a powdered mistoe of, 
say, 56 parts by weight of ^cHime and 36 p^ of coke m an elwtnc 
arc furnace — estimated temperature 3000*’ — ^arranged so that the carbide, 
as it IS made, mores away from the electmc arc to enable a new to 

take its place The reaction is represented by the equation 30 CaO 

CaCa+ CO The process can be imitated on a small scale by clamping 
a graphite crucible to an iron rod, and connectmg it with the pole of a 
current of 60 to 100 rolts The -r pole is an electno h^t carbon rod 
which IS clamped to a retort stand — Eg 258 The retort stands rest on 
some msnlatmg matenaL The carbon rod is allowed to touch the bottom 


of the crucible and 
withdrawn, by the 
insolated handle a, 
so as to form an arc 
The mixture of coke 
andqmckhmeisthen 
gradually added to 
the cmcible 

Calcinm carbide 
is a hard, bnttle, 
crystalline sohd, 
specific gravity 2 2 
IVhen pure, it is 
white, but commer- 
cial calcium carbide 
IS darkgrey or bronze 
colour^ owing to 
the presence of im- 
purities Calcram 
carbide reacts with 
water fonmng acety- 
lene (p 697), and it' 
IS sold packed m tm 
cans to protect it 
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from detenoration by exirosure to the moisture of the atmosphere Cal- 
cinm carbide is also used m the manufacture of calcium cyansmide used 
as a fertilizer, and m the manufacture of oyamdes. 


§ 4 Coal and its Relations. 

Vegetable ongin of coal — Geologists have potent reasons for behevmg 
that coal is of vegetable ongm The softer vaneties of coal are often 
changed so httle that their vegetable ongm is easily seen. Fossil plants 
can be recognized, and photographs of thm shoes under the microscope 
show clearly the vegetable character of the coaL In some of the harder 
varieties, the vegetable ongin can only he demonstrated by analogy and 
comparison with vaneties less modified. There is a closely graded senes 
ranging between peat at one end, and the anthracitic coals, or may be 
graphite, at the other It is convement, however, to pick out certmn. 
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members of tbo senes as types We thus obtain peat, bgmte, bituminous, 
and anthracitic coals ^ere ore no bard and fast bnes between these 
different types , the one merges into the other by insensible gradations. 
The chemistry of the process appears to be somewhat as follows 

Metamorphosis of vegetable tissue mto coal — When vegetable tissue 
is exposed to the air, it oxidizes and decays comparatively quickly , the 
gaseous products of the oxidation diffuse into the atmosphere , and the 
mineral constituents remam behmd. If the oxidation takes place in a 
' hnuted supply of air, e g while submerged in a swamp or bog, the process 
of decomposition is rather different Some of the carbon is oxidized to 
carbon dioxide, and some of the hydrogen is oxidized to water, and pro 
bably some is transformed mto methane — ^marsh gas — etc Ab a result 
au moreasuig proportion of carbon remams behmd The total weight 
of thoorgaiuc matter decreases, and, although the total amount of mineral 
matter — ash — ^remains constant, the pertxniage amount mcreases These 

changes are represented dia- 
grammatically in Eig 269 
(after J S Newbeny, 1883) 
Assummg that vegetable 

tissue contains approxi- 
mately 60 per cent of 

carbon, and 60 per cent-, 

volatile hydrocarbons, mots 
ture, etc , the loss of these 


Sia/Aite 



Fio peS^rrepreSufi*"'^ th^ 

' downward slopes of the 

Imes AB, and CD These hues illustiate the changes in the propor- 
tions of volatile matters and fixed carbon in the vegetable t’ssuo as it 
changes to peat bgmte —>■ bitummous coal anthracite “>■ graphite 
Table LIV represents averages from between 6 and 20 published analyses 
of the different varieties of co^, etc , named, and they therefore represent 
no particular vanety 


Table lilV— A vebaoe Comtosition op Dippebevt Tvpes op Coal. 



Ash 

1 Fixed 

1 carbon 

I 

Volotilc 

matter 

Moisture 

ttood 

Foat 

Lignite 

Bitnnunous coal 
Anthracite 

1 6 

12 
i so 

63 

64 

1 

1 26 0 

1 20 2 

1 43 1 

636 

1 86 6 

63 6 

61 5 

42 7 

29 2 

, 61 

20 0 

18 1 

62 

40 

20 


f 1 vanebes of coal — Wlule it is probaUe that 

thyarly stages of the metamorphosis ere brought about by bactena and 
omdation lu a hnuted supply of air, it is also probable that the pressure 

periods of time, arc needed for the later transformations The gases— carbon 
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dioxide, methane, water, etc —formed during the eather stages of the 
of conversion of vegetable tissue to coal, can escajre , later, when the am 
IS shut off, methane, etc , may he imprisoned in the coal to be released 
as “firedamp,” p 691 , when the pressure is reheved during the mming 
of the coal In some cases, the coal appears to have h^n heated under 
pressure. The nature of the final product, as now mined, must depend 
on the character of the ongmal deposits and on the particular conditions 
which prevailed at the different stages of the process of transformation 
The vegetable matter may have been deposited in fresh or salt water, in 
lakes, lagoons, seas , m marme swamps , etc The ongmal vegetable tis^e 
may have been algse deposits in sargossa seas, peat bogs, vegetable 
accumulations on the soil in luxuriant forests, delta and dnft deposits, etc 
The pressure may have been comparatively small, extended over a long 
penod of time, and apphed comparatively early m the process of transfoi- 
ination , the pressure may have been very great and apphed late m the 
process of conversion , etc An “ old ” coal geologically, might be “ young 
chemically, and conversely Geologists can sometimes form a good idea 
what has happened, m other cases, they confess complete ignorance. 

The different b^es of coal — ^Assuming that peat represents the first 
stage in the metamorphosis of vegetable tissue mto coal, it is possible to 
recograze several different typos of peat rangmg from bog-moss to heavy 
black peat which is closely related to lignite or brown coal — ^the second 
stage m the process of conversion Analysis shows that hgiute contains 
a large amount of moisture, and although it ignites readily, and bums with 
a long smolqr flame, its calonfic power is comparatively Ion Lignite 
generally dismtegrates rapidly on exposure to the air Bituminous coal 
■ — ^tbe third stage in the transformation — is denser than lignite, black, 
and comparatively brittle It seldom disintegrates on exposure to the 
air like hgrate Thm sections under the microscope show traces of woody 
fibre, lycopodium spores, etc It bums with a yellow flame, and has a 
greater heatmg power than hgrate Some bituminous coals when heated, 
soften and seem to fuse, for the coal cakes mto a contmuous mass — cakmg 
or coking coal Caking coals furnish a hard compact coke Othei 
bituminous coals do not cohere in this way when heated — non-cakmg 
coals These furnish a pulverulent coke There are aU gradationa 
between the two sub types Anthracite coal has a low propqrtion of 
volatile hydrocarbons, and a greater amount of fixed carbon than the 
other varieties It is hard, dense, black, and brittle, it presents no 
trace of vegetable structure , it ignites with difficulty and bums with a 
short flame with a high calorific power 

Parrot or cannel coals differ from ordinary bitummous coals and 
appear to have been formed differently Cannel coals from different 
looahties pass by insensible gradations into bituminous shales. Cannel 
coals bum mth a lummous smoky flame, hence the term “ cannel coal ” 
(randle) , they also decrepitate with a crackhng noise when heated, hence 
the term parrot coal ” These coals are used almost exclusively for sas 
makmg Cannel coals yield a relatively large quantity of bghly lummous 



726 


MODERN INORGANIC CHEMISTRY 


§5 Coke 

Coke JB the residue obtauied ■when coal is heated in a closed vessel 
out of contact with air Coke generally contains about 90 per cent of 
carbon Coke is used in tbe manufacture of iron and steel, and ui a great 
many metallurgical operations where its comparative freedom from 
sulphur and certam other impurities render it more suitable than ooaL 
Coal may be converted into coke by heatmg it in closed vessels — gas, 
tar, and ammoma are obtained as by-products , or if coal gas is being 
manufactured, coke, tor, and ammonia are the by-products The proper- 
ties of coke depend upon the nature of the coal from which it is obtamed, 
and upon the way the coal is “ coked ’* The two mam varieties are soft 
cole— -porous, black, bnttle, igmtes witb difficulty , and is used for smith’s 
forges, etc , hard coke — dark grey m colour, bright lustre, compact, 
metallic rmg when struck, bears great pressure without cruslung, used for 
furnace work aud metallurgical operations generally Coke may or may not 
be prepared under conditions where the by products arc recovered The 
two following processes typically represent the two systems of “ ookmg ” 

The beehive oven — so called on account of its shape — ^furmshes an 
excellent coke, hut is rather wasteful The ovens are bmlt m battenes back 
to back with from 20 to 200 ovens Each oven cokes about 7 tons of coal, 
and fumishes 4 or 6 tons of coke The an for burmng the coal enters 
through an opemng m the door, and the gases escape through the top flue 
fitted with a damper The air supply is diminished from day to day, When 
no flame is visible, and all the mtenor is red hot, the opemngs are luted 
with clay, and m 24 hours (70-84 hours in all) the door is opened, and water 
from a hose is sprayed m the oven which is then ready for discharging 

Coking in retorts — Simon-Carves’ oven — ^The retorts are hon 
zontal chambers built side by side in battenes of 22 to 60 The retorts are 
worked in pairs — one is discharging when tbe other is half “ coked.” The 
retorts are closed except for the exit left for the escape of the volatile 
products of distillation The products of distillation are passed througli 
condensers, and the gases are returned to bo burnt in the horizontal flues 
below tbe retorts There is a ^stem by which the waste heat from the 
products of combustion warms up the air — secondary air — ^whioh is em- 
ployed for burmng the gas below the retorts In about forty eight hours, 
the coke is expelled from the retort by means of a ram, and at once 
quenched with water The retort is recharged through hoppers in the 
roof The yield is almost theoretical The by-products are recovered, 
The coke is black, hard, compact and without metalho lustre 


§ 6 Graphite 


Graphite is widely distnbuted m different parts of the world. Large 
deposits occur m Ceylon and other parts of India, Eastern Siberia, Umted 
States, Canada, Bavana, Bohemia, Moravia, Pmerola (Italy), etc The 
mines at Borrowdale (Cumberland) are practically exhausted Graphite 
also occurs m the form of fine crystals in many meteontes The ultimate 
composition is represented by the followmg analyses 


Cingalese (Commercial) 
Bohemian (Schwaizbaoh) 


Volatile matter Carbon Asli 
6 20 68 30 26 60 

1 05 89 05 0 00 
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But more pure and less pme vaneties are on the market It was once 
supposed that graphite contains lead — Whence graphite is sometimes called 
ihcUead, and plumbago 

Graplnte vanes in specific gravi^ from 2 to 3 Hard graphite and 
soft diamonds have nearly the same specific gravity Graphite occurs 
m two forms called crystalline and “ amorphous ” The orystaJlme vanety 
has a lamellar, scaly, or flaky structure, and is largely used m the mdus- 
tnes The “ amorphous ” vanety is not of much mdustnal importance 

Action of reagents — Bure graphite is not attacked hy heating it in a 
current of ohlonne , nor by fusion with potassium or soihum hydroxide , 
some vaneties are attacked by fused mtre Chroimc acid or a mixture 
of sulphuno acid and potassium dichromate oxidiste it to carbon dioxide 
Neither dilute mtric nor dilute sulphunc acid attacks graphite although 
some vaneties swell up into worm-like structures — sometimes 12 cm long 
— when the findy granulated {not powdered) graphite is moistened with 
mtnc acid (specific gravity 1 6^1 64) in a platinum dish, and then heated 
W Luzi (1891) calls those vaneties vhich are mdifferent to the mtnc 


acid treatment — graphitites , and those which swell up — graphites It 
18 generally beheved that the phenomenon ib a physical effect due to the 
absorption of acid m the capillary pores and subsequent e^ansion through 
the development of gas under the mfluence of heat 

Graphitic acid — The action of mtnc acid on graphite is oharactenstic 
and distingmshes graphite from amorphous carbon, even though the 
different vaneties of graphite differ considerably among themselves 
:^ely powdered graphite is intimately mixed with 3 parts of potassium 
chlorate and sufficient concentrated mtnc acid to give a hquid mass 
After heatmg three or four days on a water bath, the sohd residue is washed 
inth water, and dried The treatment with mtno acid, etc , is repeated 
four or five times until no further change occurs Finally, a yellow sub- 
stance IS obtamed which retains the form of the onginal graphite ^ It is 
called graphitic acid (B Brodie, 1869) The composition of CTaphitio acid 
ra not quite clear The subject has not been investigated very muoh 
h^or oonv^ience, the above treatment is sometimes called Brodie’s re- 
action Diamonds are not attacked by the treatment and ordinary char- 

a valuable 
considered the safest test for 
graphite known at the present time. Some graphites teg Bohemian! 
give yellow amorphous powders, others {eg Cmgalese) give Wow Sd 
^opie lameUar cry^ls If graphitic acid be hefted, itSk li 

black ^wder resembling graphite, and called^ BroSe’s 
graphite ivhich results from thf 
ece.V}ate is almost identical with ordmat^' lamp” 
f power are concemedT Te 

o.rta “.ns to 

«u- or oxygen It w rnaer difflonlt to imtf ^ “’’““‘to 

.pptoacleseor-TOO” H sonre “KS 
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in a. test-tube to about 170®, the grains swell up cnonnously iit bulk and 
fill the test tube ivith a light amorphous powder — Whence the term sprouting 
graphUs 

Artificial graphite — ^Iron dissolves con^derable quantities of carbon 
particularly if much siliea be present The lughcr the temperature, the 
greater the amount dissolved. On cooling, part of the ‘carbon is rejeoted 
chiefly in the form of graphite (see “ Iron ” ) Black scales of graphite can be 
seen on a freshly fractured surface of oast iron , and masses of it acoumulate 
near the base of blast furnaces where it is called “ kish ” Graphite is 
also formed when coke or charcoal is heated to a very hi^i temperature 
in the elcotric furnace out of contact with air Acheson’s graphite is 
made at Niagara Rails by first gnnding coke iiith coal tar or molasses , 
mouldmg the paste mto any required shape, and baking the mixture in 
suitable ovens. The carbons so prepared are used ^or batteries, eleotnc 
arc bghts, etc They are graphitized, if required, by heating in the electric 
furnace 

Uses — Graphite when ^rubbed on paper leaves a black maik — hence 
the term grapmte — ^from 'ypd^tiv (graphem), to write It is therefore 
used for making lead pencils For this purpose the natural graphite Is 
purified by gnnding and washing so as to remove the gnt The punfied 
graphite is mixed ivith a little washed clay and forced by hydrauho pressuiu 
tlirough dies of the necessary shape It is then stoyed and cased m wood 
(red cedar for preference) Scaly graphite has been laigely used, on account 
of its refractory quahties and lugh heat conductivity for the manufacture 
of pViinibaqo crucibles The graphite is mixed with difierent proportions 
of clay and sand— c.<t 76 parts of plastic clay, 26 sand, and 100 of graphite. 
The crucibles are moulded by machmery or by hand, dned, and baked 
at a red heat Other refractory gooi^ are also made from graphite 
Graphite is also used as a lubricant for machinery, a coatmg for > iron 
to prevent rustmg, coatmg for goods — say plaster of Pans — ^to be later 
electrotyped, preventative for boiler scale, stove polish, pohshmg powder 
for gunpowder, etc Graphite is also used largely m makmg eleotnc 
furnaces either alone or mixed wth carborundum— thus hryptolw a mixture 
of graphite, carbor^dum, and clay The resistance offered by this material 
to the passage of the eleotnc current raises the temperature of the mass 
K the mixture be suitably enclosed very httlo graphite is lost by combustion 
Graphite conducts electnoity very ivell, and electrodes of graphite ate us-d 
in the eleotroohemical industnes— eg as anodes in the manufacture of 
ohlonno by electrolysis of sodium chloride Graphite is also used for 
battery plates, eleotnc hght carbons, etc 


§ 7 The Diamond 

* 1 , diamonds have been pnzed as ornaments on account of 

tbew beauty, ranty, and permanence Diamonds occur m their natural 
state as more or less rounded rough lookmg pebbles not unlike pieces of 
pm arable m appearance The natural diamond must be cut and polished 
to bnng out Its lustre and sparkle The shape of the crystal as it loaves 
the diamond ptter has no relation to the natural cryslallme shape Tlie 
lapidanst w to get the maximum reflection of hght from the 
mtenor of the stone The » biilliant.” foi mstauce, is a standard sha^ 
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with a rather large flat face which is really the base of a pyramid mth 
many sides (facets) The hi^ reflecting and refractmg power of the 
diamond are the particular quahties which make it supreme above other 
gems In virtue of these quahties, the h^t falling on, say, the front face 
of a bnlliant passes into the diamond, and is reflected from the intenor 
surface of the facets. The reflected li^t is refracted into a wonderful 
play of “ lightning flashes, and sparkhng scmtiUations ” as it passes into 
the air Tie Cullman is the largest known diamond. It wras found near 


Pretona (South Afnca), January, 1905, and weired over lbs ; but 
stones over an ounce m wei^t are comparatively rare 

Occurrence — ^Diamonds are sparsely distnbuted m different parts of 
the world. The chief looahties ate South Africa, Brazil, Ural, India, Borneo 
and Australia They have been fonnd in meteonties — &.g the Canyon 
Diablo meteonte (Arizona, USA), contamed both black and transparent 
diamonds Diamonds occur in nver beds and m beds or pipss containing 
a heterogeneous mixture of fragments of vanous rocks cemented together 
with a bluish indurated day known as “ blue earth ” The diamonds are 
found embedded m the blue clay The clay crumbles on weathering, and 
the diamonds are readily detected m the disintegrated mass 

Varieties —Diamonds are usually tmged sbghtly yellow The clearest 
and most nearly colourless diamonds without flaw are most prized as 
diamonds of the first water ” Diamonds are also occasionally coloured 
blue, pink, red, and green owing to the presence of traces of foreign metals 
Some diamonds are dark grey and even black. They exhibit a more or 
less imperfect crvstallme structure, and are known as hhcl dtamonds— 
boart or bort, and carbonado Boart is an imperfectly crystallized black 
diamond which has vanous colours, but no clear portions, and is thereforo 
usel^s as a gem , boart is used m the dnUing of rocks, and in cnttuis and 
pohshmg other stones Carbonado is the Brazihan term for a still less 
perfectly crystallized black diamond It is as hard as boart, and has 
simiJar u^ Boart and carbonado are usuaUy regarded as mtermediate 
lorms between diamonds and graphite 

Iiardest substance 

toovm Orystallme boron comes next, it is nearly as hard as the diamond 

hardness, refracting power, and other propekes vary with diSrent 
diam^ds, and, indeed m different parts of one diamond. The specific 
gravity varies from 3 514 to 3 518 , carbonado, 3 50 , boart, 3 47 STJo 
^o^bous graphite has a specific gravity of 2 6 , hard gas carbon, 2 356 
and amorphous carbon, 1 45 to 1 70 The diamond m transparent to 
Eontgen s rays, whereas glass, used m imitation of the diamomJ^is neariv 
paqim to these rays This fumidies a ready means of distmcuisbuiff 
imitation diamonds from the true gems guishmg 

The diamond is insoluble m all hquids Fused nntftKsiiTm j 

mixed inth 5 per cent of mtre attacks the diamond slShtlv 

Ifle action o£ hcaf-H a clear cystal of the diamond bo pW 

or 3i grams term •* corresponds with 0 207 grain 

as a smaH vrwght by tha diamond inerchlKf ^‘^■“crlylsed 
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betvreen two caTbon poles of an electric arc — ^in the absence of air — ^when 
the temperature approaches 2000°, the diamond swells up and changes 
to black graphite The diamond, boart, and carbonado commence jta 
bum uhen heated m air between 710° and O00° The igmtion temperature 
depends upon the hardness, etc , of the diamond. A soft Brazihan 
diamond burnt at 710°, and an exceptionally hard boart at 900° It is 
rather difficult to bum the diamond unless file temperature be mamtamed 
by, say, placing the diamond on a piece of platmum foil heated red hot by 
an eleotnc current An apparatus smtable for the purpose is illustrated 
in Eig 260 A splmter of dmmond is placed on a piece of stiff platmum 
foil arranged so that it can be heated hot by the passage of an electric 
current Some varieties of graphite reqmro a special method of ignition 
before they can be burnt m oxjgen gas The product of the combustion 
IS carbon dioxide (p 653) A hght ash consistmg of iron, lime, magnesia, 
silica, and titamum remains. Clean crystalhne diamonds have about 0 05 
per cent of ash, whereas -with boart the ash may run as high as 4 per cent 
Argumg from the high refractory power of camphor, ohve oil, amber, etc , 
“which are fat, sulphureous, unctuous bodies,” Isaac Newton (1676) 


“ a diamond is probably an unctuous sub 
stance coagulated ” Thus prediotmg what was later on 
^ ^ proved expenmentally 

/ 11 \ synthesis of diamonds — ^Molten solids, on cool- 

r j ing, geneially crystallize Carbon, however, volatilizes at 
V oi^nary atmospheno pressures at about 3600° without 

passing through an intermediate hguid state Arsemo also 
volatilizes at ordmary pressure without hquefving , but 
Fiq "60 —The easily hquefies if it be heated under pressure It 

Combustion therefore inferred that if sufficient pressure could be 
of Diamonds obtamed, carbon also would melt to ahqmd which would 
in Oxygen crystallize on coolmg The diamond at ordmaiy tempera* 
1® supposed to be the unstable, and graphite the stable 
form If the one form does pass mto the other at ordmaiy temperatures, 
the speed of transformation must be extremely slow A Smits’ hvTio- 
thetioal views (1905) are summarized m Pig 260 v. It is estimated 

that‘ if the pressure were great 
enough, graphite would melt at 
about 3000°, and that the liqmd 
I would have a vapour pressure repre- 
i, 1 sented by BG, Pig 260a, and the 

^ P Bohd a vapour pressure AB The 

S vapour pressure of the diamond 

jyW ^ ~ i would be represented by AD where 

the melting point of the diamond 

— -■'■■-' A, 1 under great pressure RE shows how 

emperaturea meltmg pomt of carbon changes 

with pressure." If molten graphite 
• - 1* under cooled the solution would 

become more and more vnscous, and appear as amorphous carbon. 

Iron dissolves carbon and gi%es it up agam on cooling Other metals, 

^ '^0“ wars to be the 

best solvent The solubihty mcreases with the temperature Moissan 




Tempenttarvs 
Flo 260a 
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packed a piece of iron, as pure as practicable, m a carbon crucible \ntb 
sugar cbarcoal The crucible Vas heated between the poles of an electno 
arc furnace (700 amps , ^ volts)— Fig 261 Under these conditions the 
iron melted and dissolved much carbon Wlien the temperature had 
reached 4000°, and the iron was volafahmg in clouds, Moissan plunged the 
crucible m cold water The sudden coolmg solidified the outer layer of 
iron The expansion which the inner htpud core imderwent on sohdifymg 
must have produced an enormous pressure Hence, the carbon separated 
from the iron under a very great pressure After dissolvmg away the iron, 
etc , some of the carbon which remamed was m the form of boart — ^black 
diamonds — some as graphite, and some m the form of transparent diamonds 
— ^microscopic it is true Moissan separated as many as 10 to 16 mmute 
transparent diamonds from a smgle mgot treated m this way The largest 
was about ^ mm long Crookes also appears to have detected diamonds 
m the carbonaceous residue obtamed when cordite is e'^loded m closed 
steel oylmders where the pressure is estimated to be as high as 8000 atmo- 
spheres and the temperature over 4000° 

E de Boismena (1907) claims to have synthesized diamonds approach- 
mg 2 mm m diameter by the eleettol 3 rsiB of molten calcium carbide The 
diamonds were found about the anode A kilogram of the carbide is said 
to have furnished 1 76 carats of true diamonds Tlie claim is imconfimied 


§ 8 Electnc Furnaces 


The use of eleotnoal enei^ for metallurgical furnaces becommg of 
greater importance every day The heat required for the reduction of the 
metals from their ores, and for the subsequent treatment of the metals is 
no longer exclusively produced by the combustion of carbonaceous fuels — 
charcoal, coal, coke, gas, petroleum, etc Carbonaceous fuel is apparently 
used m some electno smeltmg furnaces, hut rather as a reduemg agent and 
carbomzer than as a source of heat The most important charaotenstic 
of electnc energy is the concentration of almost any degree of heat m a 
given space so that operations can be readily performed which are impossible 
at the lower temjieratures available with carbonaceous fuels The apphe- 

abilify of the electno furnace for ordmary metallurgical operations 

reduction of iron ores, etc — ^is feasible where cheap water power is available 
and fuel is costly, although usually, electrical power is too costly for ordmaiy 
smelting operations 

It seems here advisable to emphasize the difference m some types of 
electno furnace mdicated m this work Furnaces m which the e^nc 
current is used as a source of heat are not to be confused with those m which 
the electno current is used for electrolysis The mam types of electnc 
furnace are 


^ TO? ^ this, the heat is produced by one or more electnc 

arcs The arc may ho estabhshed between one or more pairs of carbon 
or paphite polte as m Moissan’s furnace— Fig 261 ,, or between the fused 
metal bath or fused slag and a Carbon pole as m some furnaces used for 
reduci^ iron ores to pig iron, and m refining pig iron and steel 

2 Resistance fu^ce — Here the heat is produced by the passage of 

an electno current through a sohd or liquid resistor & u*. 
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(a) A special resistance, e g nickel, ni chrome, platinum ■wire, fragpnents 
of ^rbon, etc , is embedded between the inner and outer walls of the 
furnace The mner wall may take the form of a muffle, tube, etc These 
furnaces are fairly common in chemical lahoratones 

(b) The charge in the furnace constitutes the resistmg medium The 
resistance of the medium raises the temperature of the charge, e g the 
phosphorus furnace (Fig 213) , the calcium carbide furnace (Fig 268) , 
the calcium disulphide furnace (Fig 242) , and the carborundum futnaoe 
(Fig 302) 



Fio 261 — Moiesan’s Electnc Arc Furnace 


3 Electrolytic furnace. — oontmuous current splits the fused electro- 
lyte mto its component parts The heatmg effect of the current may or 
may not sufflce to keep the contente of the furnace m a fluid condition 
The alumimnm furnace (Fig 224) illustrates the former , and Castner s 
sodium furnace (Fig 134) the latter 

4 Transformer or mduchon furnace —The molten metal forms part 
of the secondary of a large transformer, and the current is not led m 
temunals or electrodes, but by wireless transmission is generated directly 
in the metal bath The furnace hearth is thus connected with the dynamos 
m no visible way These furnaces are used m steel refimng, and are not 
illustrated m th» text-book. 

Question 

1 IVliat do von nnderstand bv the terms element and compound t TlTiat 
evpenmenxs would you make on (a) feme oxide and (i) carbon in order to deter- 
mine in the case of each of these substances whether it is an element or a com 
pound 1 — t/jiiv Nortft Wales 
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§ I Mayow’s Work on Combustion. 

Slowly, gradually and labononsly one thought is transformed into a different 
thongiit, os in all likelihood one anunal s>pectes is gTadnBlI\ transformed 
into a new species Many ideas arise suntiltaneously They ffght tho 
battle for existence not otherwise than did the Ichthyosaurus tfio Brahmin, 
and the horse Thoughts need their own tune to npen, grow, and det elop 
— E JIack 



Near the beguuung of tbe axtcentli century, Leonardo da Tmci cleady 
recognized that air is necessary for the snstenance of the flame of a burn- 
ing candle, for he said “ there is smoke in the centre of the flame of a wax 
candle because the air which enters into the composition of the flame 
cannot penetrate to the middle It stops at 
the soiface of the flame and condenses there ” 

R Boyle (1661) also noticed that owing to the 
‘ want of air ” the flame of a b^ted candle 
expired more qmckly under the exhausted re- 
ceiver of an air pump than when the receiver 
was not exhaust^ This and other experiments 
on similar Imes showed that, air is neces- 
sary for combustipn Robert Hooke (1665) 
suggested that air was mixed with a substance 
“ which IS like, if not identical mth, that whicb 
is fixed m saltpetre ” * John Mayow (1674) 
subjected the guess or hypothesis of Hooke to 
the test of experiment Mayow arranged a 

the wick 1 ^ between 9 or 10 cm. above the surface of the water 

lo^rered over the burning candle so 
^at the level the -roter inside and outside tbe cylinder was tbe same - 
The feme of the caudle soon expired and water rose in the lar- Some 

because one of the 

properties of air is to support the burning of the candle 

Hem» Ifeyow infened that air contains two kmds of particles onl^ 
which — ^the ‘ nitro-aenal parhdes ’* — is *• wi^hd-Awm a 

troyai- 3 b,a.e1,„nm.g candle. JIay;;rdo«^?tSrtoS?e 

Imm^tely the jar wm m p^iou, the siphon ’was laraor^^ purpose 

* ab aere exhaunn el ahaumi ” 


Pro 262 — Mavow’s Expen- 
ment on Combustion 

candle m water so that 
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grasped the idea that “ the mtro aenal particles ” -which support comhus 
tion actually combine with the burmng body, although he oorreitly 
inferred that the air -was a miidiure of mtro a&rial and aenal particles ^ 

In fine, Mayoiv’s observations show that air is a mixture of two gases 
one of which is withdrawn durmg combustion, and the remammg 
gas does not support combustion hlayow got very near to the present- 
day theory of combustion, but unfortunatdy, his ingemous experiments 
had very httle, if any, infiuence on the subsequent development of 
chemistry, because, for another century, more trust -was placed m 
phantasms of the unagmation than in facts obtomed by precise 
observations 


§ 2 The Phlogiston Theory 


During the greater port of the eighteenth century, the doctrine of phlogiston 
-was not only the lamp and ^de of ohemists but it remained the time 
honoured and highest generalization of physical chemistry for oi er half a 
century — S P LAnancY 

Phlogiston died os an old long— onoo infinitely dominant somewhat tyranni 
oal, not always just, now deposed, decrepit, utterly somlo, forsaken bv 
all — W ODima 


Dp to the middle of the eighteenth century, combustion -was oxplamed 
by the aid of Plato’s assumption that all combustible substances contained 
a common element — an mflammable principle — ^uhioh enabled them to 
bum This obviously means very httle more than that substances bum 
because they are combustible Gebor (c 770) thought that the inflammable 
prmciple must be sulphur— idii tgnts ei color, tbi stdphnr (“where there is 
fire and heat, there IS sulphur”) J J Bocher (1669) pointed out that many 
oombustible substances were kno-vm which did not contam sulphur, and 
he was led to postulate the existence of another prmciple which he termed 
larra ptugius— fatty or mflammable earth. Becher’s fatty earth became 
Stahl s phlogiston — from the Greek ^Xoyt(rTew (phlogisteo), I set on fire 
G E Stahl (1723) taught that in the act of combustion phlogiston, an 
intrmsio constituent of combustible bodies, was set at liberty Oxida 
tion -was Said to be due to the escape of phlogiston , reduction to the 
absorption of phlogiston, "When a mettdhc oxide -was heated with a 
substance noh in phlogiston, c.g charcoal— or reduemg agents generally 
— the cha^al supplied the calx or metalhc oxide with phlogiston, and 
reproduced a compound of phlogiston -with the metalhc oxide which -was 
the metal itself Metals were thus supposed to be comyiounds of phlo 
giston and their calces (oxides) H phlogiston escaped, the metalhc 
oxide remained The idea can bo symbolized 


Metal Phlogiston -1- metal oalx (o-xide) 

When it was sho-wn -that the metallic oxides were heavier than the corre 
sponmng metals (e g Rey’s experiment) it was assumed that phlogiston 
was hghtet than air so that the metal ivos buoyed up, so to speak, by the 
associated phlogiston (p 7) 

Lavoisier’s conclusive proof (1774) that the increase m weight which 
occurs durmg oxidation is equal to the weight of oxygen absorbed from the 

mtro^^® modem commentators consider the former to be oxygen, the latter 
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air , and his crucial demonstraiaon that comhustion is a procej® o£ absorp* 
tion and mcrea&e in -weight winch cannot be explained W a supposed loss 
of substance soon banished the phlogiston hjpothesis from the domain 
of science. It is not surprising that -writers on chemistry in the Middle 
Ages failed to mterpret the experiment of the burmng of a candle in air 
-when -we recall the kno-wiedge required to explam the chemical side of the 
phenomenon, altogether apart from the skill required m the mampulation 
of gases* 

(1) Air IS composed of two gases both sparm^y soluble -m water, 

(2) Eutmg combustion, one of the gases unites and the other does not 

mute -with the burmng body, 

(3) Air contains four volumes of the mert gas, and one volume of the 

gas which mutes with the hnnung body, 

(4) A gas soluble m -water is produced during the combnstion j and 

(5) The mcrease m weight of the combustible body during combnstion 

IS equal to the decrease m the weight of theVir 

The phlogiston hypothesis is sometimes hdd np to ndicule We must 
bear m mind that the hypothesis -was adopted by nearly all the leading 
chemists m the eadier part of the eighteenth cent^ when it appeared to 
be as firmly fixed among the root principles of chemistry as the lanehc 
theory does to-day The phlogiston theory represented the most perfect 
generalization known to the best intellects of its day It is inconceivable 
that men like Beigmann Black, Cavendish, Priestley, and Schede -would 
counsel what they considered to be an mconsistent dootrme Phlogiston 
was regarded, not as a temporary hypothesis, but as a permanent acquisi- 
tion, an endurmg conquest of truth To-day, the word is but an emptv 
symbol^ ^ 


Theories pensh, facts remain -Aluch of what we tiwnt- best in the 
^eones of to-day, may to morrow be rejected, with phlogiston, worthless 
need cause the student no embarrassment. A fallacious theory mar 
be a valuable guide to experiment Experiment and labour apphed to 
exi^catiou of the most extravagent hypothesis need not be altogether 
1 e j necessary to foUow Een6 Descartes’ advice Give un- 

quaked assent to no proposition which is not presented to the mind 
so dearly that there is no room for doubt. As Anstotle would have 
d doubto “ot ^ cultivate the art of doubting, but rather the art 


§ 3 Is Combustion Oxidation ? 

.n if composition of air, and on the mcrease 

SLrSi ’"^hich occurs when a metal is calcmed m air, has alr^ S 
desmhed m outhne. Punng the next two Tears, Lavoisier S 

carbon dioxide is the product of the oxidation of a ™ 1 

the combusbon of organic compounds containins onir cftr>inrt^ ^ 
and ^ 

!h^Sa-'‘3 • »»>” 

does to-daj- Here, then, the old rewes m thf^^ potential energy” 

13 not materialistic, for it is occupied with both en^ to-day 
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of combustion (1) Oxygen is necessary for combustion , (2) Oxygen is 
consumed dnnng combustion, and tbe mcreaso m weight of the sub 
stance burnt is equal to the decrease in weight of the atmospheno 
air The ongm of the water formed dunng combustion was com 
plctely explamed by Cavendish’s lynthesiB of -water m 1783 Consequently, 
combustion is a process of oxidation which is attended by the deve- 
lopment of hght and heat When carbon bums m air, carbon dioxide 
IS formed, when hydrogen is burnt in air, water is formed, when 
phosphorus bums in mr, phosphorus pentoxide is formed , sulphur f unushes 
sulphur dioxide, etc 

It must be added that many other chemical reactions which furnish 
hght, heat, and dame, are now also included under the term “ combustion ” 
even though oxygen be absent Hence combustion is not always 
oxidation, for the term is applied generally to any chemical process 
which IS attended by the development of heat and light For instance, 
the combustion ” of brass in ohlonne , of hydrogen in chlorme, etc Tlie 
development of flame, hght, and heat dunng combustion is quite an acci- 
dental feature of the process of oxidation The speed of the oxidation 
may vary from the slow decay of orgamc matter oooupymg may be 
centunes, to the rapid inflammation — explosion or detonation wave — 
travellmg at the rate of 10,000 feet per second. 

Pyrophoric powders — ^Fmely di-vided lead is prepared by heatmg lead 
tartrate, at as low a temperature as possible, m a glass tube sealed at one 
end When the evolution of gas has- ceased either close the open end 
with a cork, or seal it up hermetically while hot. If the cold powder bo 
allowed to fall through the air on to the floor, the oxidation of the powder 
proceeds so rapidly that the temjieraturo is raised and the faUing powder 
becomes red hot Hence the term pyrophoric lead Finely divided iron 
oxalate, mckel oxide, etc , reduced at a low temperature in a stream of 
hydrogen, also fumish pyrophoric powders 

Spontaneous combustion — ^The so called spontaneous igmtion of coal 
which takes place in gob,- m coal stacks, in coal bunkers, etc , may bo 
caused by the oxidation of pyrites in the coal, or the coal itself » owmg to 
excessive ventilation leadmg to a more rapid supply of air Heat is 
generated In some oases, if ventilation be defective, the heat is not dissi- 
pated, but -warms up the mass , the speed of oxidation is accelerated by the 
nse m temperature , this generates still more heat until finally the mass 
igmtes ^ome coal dust mixed with air igmtes m the vicimtiy of 200° 
Omdahon of oils — Many oils — linseed oil, nut oil, poppy oil, hemp 
ou— absorb oxygen. Linseed oil used for pamt, for mstance, absorbs 
^ resmous skm as the pamt “ dries ” Hus skin 
d protects the material under 
iry,” m the ordmary sense of 
The heat generated during 
, greasy with oil, be left in a 
material be left for some time 
he mass is not well enough 
der be allowed to fall on a small 

been removed, and where the 

* There nro other causes of undergroimd fires 


uuiua wio coiourmg matters m suspension at 
neath. The pamt oils, therefore, do not “ 
the -word, by evaporation, but by oxidatior 
the oxidation is dissipated , but if rags, et< 
badly ventilated place, or if a heap of greasy 
undisturbed under such conditions that 1 

* The expenment is more amusme if the no-n 
heap of gunpowder ^ ^ 

' Gob ’ IS the space from which coal has 
slack 18 usually left hehinH ns 
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ventilated to keep it cool, the temperature may nse high enou^ for 
spontaneous inflammation The oxidation of the paint oils is facihtated 
by the addition of lead and manganese salts. - , . i 

Eremacausis — ^The decay of nrood is a process of oxidation, very sloir, 
it IS true, and it proceeds by what appears to be a roundabout pro^ 
The end products, however, so far as we can tell, are the same as there 
obtamed by direct combustion The heat of the reaction too is no doubt 
the same (Hess’ law) w'hether the wood decomposes slowly with the for- 
mation of a large variety of intermediate products, and after a number of 
years endmg in carbon dioxide and water , or whether it proceeds more 
directly in a few minutes by combustion In both cases the same amount 
of energy is degraded althou^ the process of degradation proceeds by 
different reactions The process of alow oxidation without the application 
of heat is sometimes called slow combustion or eremacausis— from the 
Greek iiptfia (erema), quietly , hava-ts {causiB),to bum The rusting of iron 
(g t> ) IB another example of a dow oxidation, althou^ 
the end product is not the same as m the combustion of 
iron in oxygen In the former case a hydrated feme 
oxide— FejOj nH„0— IS formed, and m the latter case 
magnetio iron oxide— FegO* The absorption of o:^gen 
by rustmg iron is generally illustrated by mrertmg a plug 
of steel wool. A, Fig 263, mto a 100 c c eudiometer tube 
B, restmg m a dish of water C The level of the water B 
IS adjusted, and the apparatus exanuned after about 
twenty-four hours The iron will be coated with rust, 
and the enclosed air wnU have decreased m volume A 
stick of phosphorus at the end of a wure may be held in j-jg 263 —Iron 
the cylmder in place of the iron The result of the Bustmg 
cxjienment will be similar — ^removal of oxygen 

In the “ dilution method ” of sewrage treatment, the sewage is mixed 
with a large volume of water The oxygen dissolved by the water, assisted 
by bactena, quickly renders the organic matter umocuous mainly by 
oxidizmg it mto carbon dioxide and water — and possibly mtrogen 
compounds 



§ 4 Respuration mvolves Oxidation 

Jolin Mayow (1674) demonstrated that the re^iration of nniTnnlR is a 
process of oxidation analogous with com- 
bustion Mayow placed a mouse m a 
cage under a vessel standing over water — 

Fig 264 — and noticed that the water rose m 
the jar as respiration contmued just as if a 
bummg candle had been placed under the 
jar — p 733, owing to the withdrawal of 
“ mtroaenal particles ” (oxygen) He found 
that the mouse died after a time, and it was 

impossible to ignite a combu^ible body 264» — Mayow’s Expenmenfc 

m the residual “ aerial ” gas (mtrogen) Respiration 

Metabohsm of animals and plants — All hving orgamsms are 
contmually wastmg tissue as a result of muscular or other forms of 
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work.^ The air during respiration loses about 4 to 6 per cent of oxygen, and 
gams 3 to 4 per cent of carbon dioxide Oxygen, taken m by the lungs, is 
absorbed by the blood. The blood contains hsemoglobm, this unites ivith 
oxygen, fonmng oxyhaemoglobin — ^the former is present in blue venous 
blood , the latter, m red artenal blood. The oxyhismoglobm gives mp to 
its oxygen very readily, and it thus oxidizes the waste products — ^partly 
to carbon dioxide The carbon dioxide held in solution by the venous 
blood IS pumped by the heart to the lungs, and the gas is finally exhaled 
m the breath 


By breathing mto a beaker, and then addmg clear lime-water , or better, 
by blowmg through a glass tube mto a beaker eontainmg clear lime-water, 
it IS easy to demonstrate the presence of carbon dioxide m the breath 
The precipitation of calcium carbonate causes the clear lime water 
to become turbid, etc The expenment can be modified by drawmg a 
stream of air through pieces of “ soda-bme ” m a tower. A, Fig 266, to 
remove carbon dioxide from the air , then through a washbottle, B, with 
clear hme water The clarity of the lime water demonstrates the absence 
of carbon dioxide m the stream of air The air after passmg the teinom 
c - - (witness) tube, B, enters 

Aif-^ (|^^F===H^r ^ dt chamber, G, 

^ holds a mouse or 

ji ,m JIJ a couple of mice, and 

W 1 ij|l| i^if^ passes through 

I I I I another washbottle, D, 

I, I I contammg clear lime 

^ water Mie turbidity of 

Fio 266 -Exhalation of Carbon Dioxide by Animals JJ® oSn^Jthf h^e^ 

water m C, can only be explamed b> assummg that the mice are 
givmg off carbon dioxide dunng respmation. The same vessel 0 can be 
used for trymg the effect of different gases on mice 

Less carbon dioxide is exhaled dunng sleep because less u asto products 
are formed. The heat evolved durmg the oxidation processes m the body 
mamtains the body at the necessary temperature In the case of plants, 
most of this work is done by the leaves. The respiration of n.TiiTnn.1a and 
plants goes on contmuously, night and day— os^gen (air) is taken m, 
and returned to the air as carbon dioxide and water The consequent 
loss m weight m both animals and plants is made good by assimilation or 
feedmg ^h abstract dissolved oxygen from water by the aid of their 
gills Fish qmcldy die for want of oxygen when placed m cold water which 
hM been depnved of dissolved “ an ” by boihng Aerated water 2 furmshes 
the oxygen necessary for their sustenance 

^similafaon by plants —The respiration of plants must not be con- 
fused wi^ the process of assimilation. In dayhght, plants absorb carbon 
dioxide from the an, fix the carbon, and give off oxygen In sunhght, 

processes by which substances token in as food by hvinK 

proper substance, are sai§ 
™ V (™a). onow , poAAnv (baUem), to throw Those 

protoplasm, etc. breaks & mto simple 
termed kataboUc— from the Greek xara (kata), donm The two 
phen^ena are mcluded under the term metabolism— Greek ftiio (meta), about. 
That IS, water contaimng dissolved oxygen, or rather air ' 
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the process is very active so that the respiration process, though at ■mjrfc 
IS masked because more carbon dioxide is taken m and oxygen given ont 
by assimilation (feedmg), than ooyrgen is taken m and carbon dioxide 
given out by respiration (breathing) The decomposition of the carbon 
^oxide (feeing) only occurs m dayb^t, and plant Me is thns dependent 
upon this process for nourishment This action of hght may be readily 
shoun by loosely packmg a two btre flask with green leaves, and fiflni^ 
up the flask with water throng which carbon dioxide has fawn allowed 
to bubble. Fit the flask with a stopper, and fnnnel as shown in the 
diagram. Fig 266* Also fill the flask and part of the funnel with water. 
A test-tube inverted over the fnnnel will collect sufficient oxygen to allow 
the nsnal tests being made ^ 

The enet^ required for the decomposition of the carbon dioxide is 
derived mainly from the solar hght and heat. There is thns a transfor- 
mation of the sun’s energy into chemical energy which is stored np as 
vegetable tissue. The heat of combustion of burning 
wood is believed to be equivalent to the solar energy 
used m its formation (Hess law) At night, in dark- 
ness, feedmg sto^ but breathing — the absorption of 
oxvgen and the evolution of carbon dioxide — contmnes 
The net result of both processes — assumlation and reqiira- 
tion— IS to remove carbon dioxide from the air, and 
restore oxygen- There is probably a kmd of egnihbnnm 
pressure between j^nts and the carbon dioxide of the 
air If the amonnt of carbon dioxide exceeds a certain 
limit, this would be followed by greater activity in vege- 
table life, and thns the normal proportion of carbon dioxide 
would be restored. Sunilarly, if the amonnt of carbon 
dioxide were reduced below the normal, vegetable Me 
would be impoverished nntO eqnihbnum was restored. 

The proportion of carbon dioxide present in the gases 
dissolved by seawater is about 27 times as great as the 
proporfaon of gas m air. Since carbon dioxide is verv soluble 
in uuter, it foUoire that if a large surplus of carbon dionde were 
mtroduced mto the atmosphere, say, from volcamc sources, the sea would 
dissolve a stall greater proportion Hence ihc eea must be an important 
meuM of reflating the amount of carbon dioxide in the atmosphere 



Fig 266 — As- 
sinulatioii of 
Carbon Dio Jade 
by Plante 


Sun’s energy stored— plants feed 
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maintained by a continuous supply of energy from the sun. If the supply 
should cease, the deoxidation of carbon dioxide would stop and the present 
conditions of life on the earth would come to an end because the available 
oarbon would be transformed into unavailable carbon dioxide 


§ 5 Ignition Point , Kindling Temperature 

We have seen that the speed of a chemioal reaction is usually aocclemtcd 
by raising the temperature , and also that in exothermal reactions, heat 
IS evolved in consequence of the chemical action If finely divided 
phosphorus bo exposed to the air, oxidation commences , heat is developed 
by chemical action more qmcklj than it is conducted auay In conse 
quence, there is a nse of temperature Tins accelerates the speed of 
oxidation and causes a still greater development of heat Tins, in turn, 
still further accelerates the speed of the reaction until, nhen the tempera- 
ture has risen to about 60®, the phosphorus bursts into fianie The 
Ignition or kindling temperature is the temperature to which the sub- 
sUince must be heated m order to start combustion or explosion 
Phosphorus, at temperatures below its own ignition temperature, does not 
combine with oxygen fast enough to oau«omflnmmation , at and above this 
temperature, the oxidation is attended by combustion Many substances 
inflame spontaneously at ordmary temperatures, for mstanco, phosphorus, 
boron and sihcon liydndes, zinc ethyl, etc This means that the ignition 
temperatures of these substances are at or below ordinarv atmospheric 
temperatures The ignition temperature must not bo confused with the 
temperature of the reaction The igmtion temperature is no more the 
temperature at which the reaction begins than the boding point of uTitcr 
IS the temyierature at which evaporation begins 

If the heat could be condu'eted away from the oxidizing phosplioms 
quickly enough, the temperature of the reacting substance would never 
reach the igmtion point Substances in vigorous combustion, if cooled 
below the ignition temx>oraturo at the seat of the reaction, ma^ bo 
extinguished In illustration, a candle flame can be extmguished by 
placing a helix of copper wire about the flame, whereas, if the helix bo 
first heated, the flame will not be extmguished. 

It IS not necessary to heat all the reacting system to the temperature 
of Igmtion The heat may be applied locally A lighted match apphed 
at one pomt will igmte a barrel of gunpowder , and a small elcctnc spark 
IS sufficient to inflame a vessel of detonating gas But a sufficient quantity 
of the mixture must be igmted to develop enough heat to prevent its bomg 
conducted away so qmokly that the temperature cannot be maintained 
above the ignition temperature when the stimulus is withdrawn Thus, 
sparks below 0 22 mm in length will not igmte electrolytic gas. The 
mtrogen and oxygen of atmospheno acid can be made to bum m an electric 
arc with a flame producing mtno and mtrous acids, but the evolution 
of heat IS not sufficiently great to raise the temperature of the gas up to 
its Igmtion pomt If otherwise, the flame would qmokly spread through 
the atmosphere, and “ deluge the world in a sea of mtno and nitrous 

little potassium hydroxide solution Leaves of the “ Common Birdstoot ” were 
used in tlie apparatus, Fig 260 
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acids ” (W Crookes) In endothennal reactions, too, the reaction may he 
started at one point, heat is absorbed, from the surroundings, the tempera- 
ture at the seat of the reaction is reduced, and the speed of the reaction 
slows down, until finally, the reaction comes to a standstill. 

Thft igmtion temperature of oils is an important subject w'here 
petroleum oils arc used for illummation, cylmder oils m high pressure 
steam, etc Grave dangers attend the u*® of oils with too low an 
jgration temperature, or, to use the commercial term, too low a 
flash point The fla^ pomt of an oil is defined as “the temperature 
at which the oil gives off suffic.ent vaponr to form a momentary 
flash when a small flame is brought near to surface ” The apparatus 
shown in Fig 267 is a convement way of performing the test A 
beaker is fitted with a cork havmg a hole in its centre. A thermometer 
and two electrodes are also fitted m the cork The tips of the electrodes 
are about 6 or 10 mm apart The beaker is fixed m a 
water-bath , the central hole m the cork is covered with 
a ^ass plate , the temperature of the bath is gradually 
raised, and sparks are sent across the wires by connectmg 
the wires with an mduction coil and accumulator, when 
the temperature reaches the flash pomt, the glass plate 
18 hfted up by a small explosion The temi>crature 
mdicated by the thermometer is the flash pomt of the 
oil Shghtly different “flash pomts” are obtamed by 
different methods of applymg the test It has been 
found necessary to legislate against the use of kerosene, 
petroleum, etc , with a flash pomt below a certam pre- 
scribed tempeiature, which is not the same m different 
countnes — 44° C , or 111° F is about the average It is 



difficult to determme the exact igmtoon temperature of Ij'ig 267 Deter- 
ga&es because the igration temperature is conditioned by ^nation of 
the temperature and pressure of the gas , the rate at -pom 

which heat is conducted away from the seat of the leaction, etc 
Numbers varying from 600° to 845° have been pnbhshed for the igmtion 
pomt of electrolytic gas 


§ 6 Explosions. 

From the preceding section, it wnll appear that there is no real line of 
demarcation betwreen rapid combustion and an explosive combustion 
Hie speed of the explosion is detennmed by the rate at which the process 
of combustion, imfaated at one pomt, travels through the mixture Careful 
measurements mdicate that the explosion of gaseous mixtures have 
this pecuhanty the speed of explosive combustion increases rapidly 
from its pomt of ongm until it has attamed a maximum speed, 
^ter that, the explosion travels with the uniform maximum speed! 
pe maxmnm speed has a specific value for each explosive mixture under 
defimto conditions This constant is caUed the velocity of the explosion 
or detonation wave If a mixture of gases explodes under such con- 
ditions that the explosion wave is maugurated. the explosion will be fax 
more violent ^ occun^ under such conditions that the explosion 
uaie was not established The explosion wa\e, at top speed, travels 




COMBUSTION AND EDAME 


743 


§ 7 The Safety Lamp Flame Caps 


A stout glass tube B, Big 269, about 3 om diameter and 60 om long, 
IS fitted at one end A with a perforated rubber stopper and bout glass tube ; 
the other end is fitted with a perforated stopper and copper tube 0 about 
6 mm m diameter and 30 om long The tube is clamped to make an 
angle of about 30® with the horizontal Fill the tube -with coal gas by 
connecting C with the gas supply , hght the gas at 0 and remove the 
stopper at A Air enters at A and makes an eiqilosive mixture of air and 
gas m the tube. The fiame at 0 will retreat down the G tube and explode 
the gas m Repeat the expenment usmg a copper tube 3 mm m diameter 

at G The flame wiU be extinguished m C before it reaches the gas m J5 ^ 
That B does contain an explosive mixture of air and gas can be shown 
by applying a hghted taper at A Consequently the flame is cooled below 
the igmtion temperature of the mixture, dunng its passage down the 
narrower copper tube , but not with the wider copper tube 

Agom, a piece of wire gauze over an unhghted Bunsen’s burner, 
turn on the gas, brmg a hghted taper above the gauze, the gas above the 



Fia 200— Gas Explosion Fio 270 —Effect of Wiro 

Gauze on Flame 


^uzo IS Ignited, but the flame does not pass through the gauze Fig. 270 
^nvemly, if the be ignited below the gauze, the flame wifl not pass 
through, ^though the passage of mflammable gas through the gauze can 

he toper above thegauze If thcgauze 

be Iwated ted hot, the flame Will pass through and bum on both sides 
Experiments not unbke these, led Humphry Daw m 181 
Idea of « flame sieves^’ and finally to the » sSe^ fo“ » In 

Davy s safely lamp, Rg 271, an oil lamp is Burround& by a cybndei— 
Ij mohra m dimeter, and 6 inches high-made of iron wire gauz^ ha^ne 

f ^ ^ cylinder is closed at the top mth a double 

layer of gauze A, Fig 271 The lamp is provided with a nornw 1 i ^ 
prevent it bemg opened m the mine, and there is a nnrat the toTti ^ 
the lamp to be earned or suspended. The lamp is ventilated 
through the mesh of the gauze near the Same The at,. ^ passing 
»id the products 5 OOTbSoTeS 
upper port,ot the oyl, Oder 

contommg a mixture of marsh gas and air the ™ *«i^mosphere 

through a. 6.USO cud „ .gurtod .us.de as oJlmdor^ito'S.hSS^S 

> A httlo adjustment is needed m eettmer tlta ^ , 

expenment gehwng tne right angle for a sucoossful 
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Bhonld not) be heated red hot by the combustion of the explouve gases 
inside The flame, however, is unable to pass through the gauze and ignite 
the mixture outside the oyhnder The gauze acts as a “ flame sieve ”, it 
permits a free passage of gas, air, and light, but it obstructs the passage 
of the flame Prior to the invention of Davy’s lamp, the risk of eiqilo 
Sion in “ fiery mines ” was very serious The Davy lamp considerably 
lessened the danger Mr Buddie, one of the first users of Davy’s lamp, 
in a Report on Accidents m Mines (1836), stated inter aha 

I first tried it in an explosive mixture on the surface, and then took it mto a 
mme ; and, to my astonishment and dehght, it is imx>ossihle for me to express my 
feelmm at the time when I first suspend^ the lamp m the mine and saw it red 
liot , u it h^ been a monster destroyed, 1 could not have felt more exultation 
than 1 did 


If the gauze should happen to be heated locally above the igmtion 
temperature of the mixture outside ,,or if the lamp is exposed in a strong 

I ‘current of air, say a ventilating 

shaft, or a “ wave ” of air some 
times generated m the operations 
of blasting, the flame may be dnven 
^ through the meshes of the gauze 

Bonnet' Considerable improvements have 

,j j been made on the ongmal Davy’s 

jj »-| — ‘if'/neffeBze. lamp, A, Fig 271 The modem 

J ^ forms of safety lamp — eg J B 

M B Marsavfs lamp, B, Fig 271 — allow 

»■ 1 ewers lamp to 1» Used under condi 

I |< -^Giau tions of great danger with a 

1 -nL H O*'""*'' immmum risk of igmtmg an ex- 

It plosive mixture of firedamp and 

1 1 " ' '')])| p air The old Davy’s safety lamp 

fl i ir , ' ■ ■ = . = ■ dHl ti IS obsolete It gives a very poor 

^ ® illumination owing to the obstruo 

Fio 271 — Sofoty Lamps (old and new) tion offered by the wire gauze, and 


'Air enters 


tCiau 

Cyhndtr 


the flame may be forced through the 
gauze when the current of air exceeds 6 feet per second, and in modem 
mmes, the air m some parts of the rapid ventilatmg roods may attain 20 
to 30 feet per second 


The appearance of the flame of the safety lamp depends upon the illumi- 
nant and on the amount of firedamp presehtinthe atmosphere of the mine 
The first noticeable effect of firedamp is a sbght flickenng or “ jumping ” 
of the flame , as the amount of firedamp inoreoses, the flame becomes more 
and more elongated and smoky untd it stretches upwards to the gauze of 
thevlamp os a long thm smol^g column The flame may then leave the 
wick and bum m the upper part of the gauze with a famt bluish hght — 
called by the mmers “ corpse hght ” , or the flame may be extingmshed. 

The peouhar appearance of the flame is duo to the formation of an 
aureole, or flame-cap of bummg firedamp which surrounds the flame 
proper The flame cap is transparent and non lununous by contrast with 
the bright flame of the lamp itself To make it visible, the flame, bummg 
from a well-tnmmed wick, is “ pulled down ” as low as possible until a clear 
blue aureole entirely surrounds a small luminous yellow spot of hght, and 
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the Same extends ngl\t across the \nck Tins may he called the standard 
flame B B. Whalley and W IL TSveedie (1910) found that -mith 
“ -white rose ” paraflSn oil, the first indications of fir^amp occur v-hen 
about one per cent of the gas is present A very faint cap, -without 
visible tip IS then just -visible , with, two per cent of firedamp the tip of 
the cap 18 just -visible, and the cap has meteased m length , the length 
mcreoses slo-wly -when between 2 and 3 per cent of firedamp is present , the 
increase in length is rapid between 3 and 4 per cent of firedamp , and sttU 
mote rapid between 4 and 5 per cent when the fiatne “ spires ” up to the 
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272 — ^Flame cops — -Wiolley and 
Tweedie 


Fio 273 — FSeot of ^lethane on 
Length of Flame caps — Whnlley 
and Tweedie 


top of the gau 2 e The appearance of the aureole or flaane-cap -mth these 
different amounts of firedamp is indicated m Fig 272 , and a graph of 
the experimental results m Fig 273 It is now possible to form a very fair 
estimate of the amount of marsh gas m the mme air from the elongation 
of the flame by nsuig dluminants, etc , standardized m atmospheres con- 
taining definite proportion of marsh gas The method is daily used m 
coal mines for detecting dangerous amounts of firedamp 


§ 8 The Relation between the Combustible and the Supporter of 

Combustion 

It bas b^ found converaent m onr previous studies to call the burmne 
substance the combustible, and the atmosphere surrounding the bumm^ 
subst^c^ the supporter of combustion Under ordmari' condition 
the atmosphere is the enveloping medium, and tlie terms “ combustible ” 
and moombustible, without further amplification, refer to the bumma 
or non-bummg of substances m air Conventionally too, other gases arf 
^d to be supporters or non-supporters of combustion if they behave 
towards ordmaiy combustibles like air These terms, however a?e 
conventional ^nse, from the chemical point of vimr, it ,s 
indifferrace whether coal gas bums in air, or air m coal gas H the 
atmosphere be coal gaa the flame must be fed with atmosphfnc am to 
tbs case, the meanmg of the conventional terms is reversed for air le 
ft. combvBbbl., .„a ooirt g .5 ft. 

wy. 0. .bo^B rev^srf T r«bprocaa”‘3«.o?^ .t™ 

-*:2^5aaS;=‘;5;.£tSSSSSi-S- 

' Or with o gJass tube connected with a Bunsen s burner 
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bole in wbioh a gloss tube C — about 10 cm. long and 1 cm diameter is fitted. 
The top of tbe cybnder is covered ivitb a sheet of asbestos D — 6 or 7 cm 

square, and perforated with a round 
bole about 2 cm. diameter The air 
holes of the Bunsen’s burner are 
closed, the gas is turned on and the 
opening in the asbestos is closed by 
la 3 nng a piece of cardboard loosely 
on the hole In a few minutes, the 
apparatus will be filled ivith coal gas. 
Light the gas ns it issues from C, 
and simultaneously remoio tlie card- 
board which was closing the hole in 
the asbestos The flame will pass up 
the tube drawing the air after it The 
upward current of gns causes an upward 
current of air in the tube C which 
bums with a feebly luminous flame in 
the atmosphere of coal gas TIic excess 
of coal gas issuing from the opemng 
in the asbestos may bo ignited, and 
the two flames show air burning m coal 
gas, and coal gns burmng m air By 
modifying the arrangement, Fig 274, 
it 18 easy to show hydrogen and marsh 
gas supporters of combustion, and 
oxygen, chlonnc, and nitrous oi^ide as combustibles. 

§ 9 The Structure of Flame 

The development of flame during combustion is quite an accidental 
feature Iron burning in oxygen gives no perceptible flame The intense 
light IS due to the incandescent solid. Sinular remarks apply generally 
to the combustion of sohds which are not volatilized at the temperaturo 
developed durmg combustion For tlus reason, also, copper, carbo n,^ 
etc , do not usually show any appreciable flame On the other hand, 
phosphorus, sulphur, bitumen' fat, wax, ete.. burn \nth a flame because 
these sohds are vol n.in1nr(»d nt. tii«» t^Tvipn ^ture of combus tion 

®ie name of most of the combustible gases has qmto a charactenstic 
appearance — sulphur bums m air -with a lavender blue flame , burning 
hydrogen is scarcely visible m bright dajdight, provided the gas and air are 
free from dust , carbon monoxide has a rich blue flame, sihcon hydndo a 
pale green flame, the cyanogen flame has a delicate pink tmge, acetylene 
bums with a highly luminous yellowish flame, while mar^ gas bums 
with a feebly lununous yellowish flame 

It will be obvious that when a stream of gas issues from a tube, the gas 
can only bum at its surface of contact with the air The shape of the 
flame, issumg from, say, a cupular jet, is due to the fact that os the gas 
issues from the jet, a ring of gas, so to speak, next to the tube bums first , 
before any more gas can come in contact with the air and bum, it must 

* 'If carbon bums to carbon monoxide, and then to dioxide, ilamo may be 
produced by the burmng carbon monoxide 



Fio 274 — Bociprocal Combustion 
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rise past the finst nng of flame, and each successive layer of gas has to pass 
higher and Ingher brfore it can find the supply of air necessary for com- 
bustion The flame thus assumes the form of a cone Of course there 
are no real “ rmgs of gas,” but this mode of expression helps us to under- 
stand the phenomenon The upward direction of the flame, even if the 
gas be directed horizontally or downwards is due to the increased buoyancy 
of the hot air in immediate contact with the flame producmg a strong 
upward current of air The particular ^ape of the flame is also conditioned 
by the pressure behind the gas issuing from the tube, and on the character 
of the jet — e,p the so called “bat’s-wmgs,” and “fi^-tail” burners 

The mtenor of the flame which does not come m contact with i 
the air is unbumt gas Numerous expenments have been devised to 
show this For instance 


(1) Cross sections of the flame can be shown by depressing thin sheets of 
asbestos paper (say, 16 cm square) for a few moments on tbe flame of, soy, a 
Bunsen’s burner protected mim draughts 
The hotter portions of the flame where the 
gases are burning char the paper * producmg 
a dark rmg when the paper iS hdd horizontally. 

Fig 276, B , and a more or less elongated 
cone if the paper be held ^ertlcally in the 
flame A, Fig 276 The particular "flame 


Fio 276 — ^Flame Figures 




long — ^held m the centre of the flame will draw 
off a portion of the unbumt gas from the 
mtenor, and the unbumt can be hghted at the end of the tube— Fiv 276 

ij. ’tto^uprSi “ ™ ”” » "» 

the tip of the match 
to be supported about 
3 cm abo^e the jet 
of, say, a Bunsen’s 
burner The gas can 
be hghted The match 
will remam m the 
centre of the flame 
Without uiflanung The 
expenment can be 
modified by thrustmg 
the match Into the 
centre of the flame 
as illustrated in Pin 
277 “ 

(4) The precedmg 
experimont can be 
modified by connecting 
a 5-7 cm funnel with 
the gas supply as 
illustrated in Fig 278 
The broad mouth of 
the fuimol is covered 
with a piece of fee 
copper or brass wire 

sau^e_A ^lcomcaIlieapof gunpowder (l^cm base) is pl aced on the middle of 

vntli red mercuno iodide This turns 
lou also furnishes on xnterostmg modi 
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tlio gauzo > The gas is turned on, and a hclited taper alowly depressed Irom above 
doimwards to the funnel until the gas u ignited Tho gun^wder remains otr 

the gauze unconsumcd Ordinary inatehcs can 
bo thrust through the Same and laid on the 
heap of gunpowder without bemg ignited 

Single mantled flames — ^TUe natuit, 
of the obemicnl actions uluoh occur in the 
damo during the burning of gases hke 
hydrogen in air and in chlorine are prob 
ably much simpler than is the case inth 
gases hke methane, ethylene, and acetylene, 
for the latter form oompleo. decomposition 
products This is evidenced to some 
extent by the structure of the hjdrogcn 
dame In the former case, the dame is a 
cone mth a uniform sheath of the burning 
gas as is illustrated m Eig 270 The 
mtenor cone contams unbumt gas 

Double mantled flames — ^Tlie daino 
of ojanogen has an inner rose coloured 
mantle with an outer bluish sheath Tlie 
carbon is oxidized to carbon monoxide m 
the mner mantle, and to carbon dioxide ui 
the outer mantle Tlic nitrogen remains 
practically unoxidized* The flame of 
hydrogen sulphide uv air consists of the usual inner cone surrounded by 
a hlao coloured mantle ivhioU m turn is surrounded by a mantle of deeper 
blue Tile hydrogen sulphide is probably decomposed in the imier part 



I'la 378 — Hollowness of Flame 



I^an-luminoiis 
Mtnllc. ~ 

Luminous 

Mantle. — 

Inner Zone — 

Blue Zone —p 



Tio 270 — Hydrogen Flame 


Fio 280 — Candle Flame 


of the flame and immediately bums m the mantles to sulphur dioxide 
and u-ater Ihe ammoma flame in oxygen is somewhat similnr to the 
cyanogen flame— the inner mantle is ochre yellow, and the outer mantle 

I, and it must bo kept 


in 


' Ouupowdcr must not lie nluted on tbo hot wte gouzo 
u tompnet hoop so that no particles arc bcallercd about 
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IS pale yellovr tinged mth green Carbon disulphide resembles hj’drogen 
Bolpbide, but the carbon bums to carbon dioxide With carbon disnlphide 
and hydrogen sulphide both constituents are combnstible , mth ammonia 
and cyanogen only one constituent is combustible although a trace of the 
nitrogen may be oxidized. 

Bunung hydrocarbon gases, burning candles, and burmng oils also 
famish double sheathed flames — Figs 280, 281 The inner mantle is bnght 
yelloiv, more or less opaque and Immnous , the outer mantle is but faintly 
Inmmous In addition, there is a bluish uon-lummous zone of incomplete 
combustion at the base of the flame With the flame of oil lamps and 
candles, the hydrocarbons are drawn up the wick by capillaiy action and ^ 
vaporized near the top of the \nck , in the case of a candle, the wax is 



Fio 2S1 


_ Fig 282 

Ffamcs of Cool Oaa 


melted hy the heat of the flame The inck is. so plaited that it curls over 
and exposes the tip to the air The tip of the wick is thus graS^ 
burnt, and snuffing ” is not needed.* ei^auuauy 

\J^en the flame of gas is gradually lowered, the inner lummous sheath 
^ually decreases m size, and finally disappeai^, at the same tunTthe 
blue region of mcomplete combustion at the base ht>f<aTnoc ^ 
right across fiam^ Fig 282 ItVpr^abk^h^rtr blu^S^^ 
represents unbumt gas Between the flame and the bui^er 
^e ^tainmg unbumt gas The smaU central cone also 



750 MODERN INORGANIC CHEMISTRY 

of two CO anal tulDes A and B, Fig p outer “ 

shorter than the mner tube and fitted wth a rubber imion C, and a bra® 
chp to permit the outer tube to be slid up and do\vn 
of the qp anal tubes are fitted one with a mica D aM the 
alumimum E oylmder The nairower tube is clamped over an i^^ted 
Bunsen’s burner and a loose packing of cotton wool E placed ^®^^" 
the burner and the glass tube Adjust the tops of p oo anM tubes at 

the same level Close the air holes of the 
Bunsen’s burner , turn on the gas, light the 
gas at the top of the outer tube The gas 
bums ivith the usual lummous coal gas fiamo 
Gradually open the air holes of the burner 
until the fiame appears non-lummous Slide 
the outer tube upwards, and the two coned 
structure of the fiame will bo obvious, for the 
outer cone ascends with the ivide tube, while 
the iim^ cone, after the tube has been pushed 
upwards about 10 cm , remams bummg at the 
lop of the inner tube. 



§ 10 The Nature of the Chemical Reactions 
m Flames 

' The chemical reactions which occur m the 
dames of burning hydrocarbons have not been 
Eatisfactonly elucidated, although a httle is 
known Tappmg the gases from different parts 
of the flame by means of platinum or porcelam 
Fio 283— Snuthells’ tubes connect^ with an aspirator, is not very 

Experiment satisfactory, because of the changed conditions 

ansmg when the reactions take place m 
contact with solids Hence, the proof that the flame of burmng hydrogen 
sulphide contains free sulphur , and that the lummous mantle of bummg 
hydrocarbons contains free carbon, because a cold dish held in the flame 
receives a deposit of the resjieotive solids, is quite unsatisfactory It is 
conceivable that the hydrogen sulphide flame contams free sulphur, and 
the hydrocarbon fiame free carbon when cold porcelain is held in these 
flames, but not w'hen this disturbmg agent is absent , ivo therefore prefer 
demonstrations with methods which do not interfere w-ith the flame itself 


I The mner cone — ^If the flame of coal gas, or of a candle be placed 
between a strong hght and a screen, the luminous iiortion of the flame 
throws a dark shadow on the screen, and if the flame bo made to smoke, 
the shadow of the lummous portion extends mto the shadow cast by the 
smoke This test for soUd matter m flames is called J L Soret’s optical test 
(1876), and is generally taken to prove that free carbon is present m the 
lummous portion of the flame of a hydrocarbon gas because the flame m the 
non-lummous portion gives no shadow, nor do the flames of carbon disul 
phide, phosphorus, and other gases which are known to contam no sohd 
^ matter The temperature of the inner cone of unbumt gas is raised by heat 
' radiated from the surroundmg mantles of bummg gas It is known that 
when certam hydrocarbon gases are heated m the absence of air, free carbon 
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and dense hydrocarbons are formed ^ Acetylene, for instance, is formed 
This can be ^own by burning air in coal gas (Fig 284), so that the ordinary 
flame is turned inside out, so to 

^ak, when the acetylene, now ^ 

on the outer surface of the flame, 

IS readily drawn off mto the atmo- ^ ^ ^ ^ 

sphere of coal gas, and afterwards i| U i: 

precipitated by passing the gases | aI: 

through a solution of cuprous Ly 

chlonde (p 697), as illustrate in 1 jll- & 

Fig 284 ^ /tS-^aassE 

If the flame be chilled, there i 

18 a considerable diminution in the ISP 
luminosity, so much so that the HlJ 

flame becomes practically non- 
luminous This is well illustrated 

by holdmg a piece of sheet nickel ^ ^ ^ 

or iron against a small flame of 284 -Acetylene m Coal Gas name 

coal gaS burmng from a fl^-tail burner (Fig 286) If the opposite 
side of the sheet of mckel be heated by means of a blowpipe or 
large burner, the lummosity of the flame will be restored On the 
other hand, if the gas or air be heated, a non-luminous flame becomes 
distmctly luminous This can be illustrated by fixmg a 15 to 20 cm 
tube made of platmum foil orer the end of an ordinary Bunsen’s burner 
so as to extend the mam tube (Fig 286) When the platmum tube “ is 



Fio 286 


Liunmosity of Flames 


Fig 28G 


heated by t^ flame of another burner, the non-lummous Bunsen’s flamP 
keoomes tetactly Imnmon, S.nntarly. ddutog tto 

^OJi4 along Mitn other more complex hvdrocftrhnna ^ + 

th« dust, wdatiU^ “ ™ade to bum off 
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inert gas like carbon dioxide leads to a loss in illuminating power Tlius, 
one of the air holes at the base of a Bunsen’s burner may Be closed by 
a cork, and the other fitted with a glass tube connected with a Kipp’s 
apparatus, K, generatmg carbon dioxide, and a drying tube 0 (Pig 287) 
By gradually increasmg the amount of carbon dioxide, the luminosity 
of the fiame can be reduced until it finally becomes blue If the diluting 
gas be heated, by heatmg the tube, B, the lummosity of the flame is restored. 
This all seems as if the high temperature flame favours the deoomx>osition 
of the hydrocarbons m the mner cone mto free carbon, etc , and that the 
free carbon adds to the lummosity of the flame ^ Hence it is assumed 
that in the innermost cone the unbumi hydrocarbons are pardy decomposed, 
at the high temperature of the inner manile, into free carbon, acetylene, and 
other hydrocarbons 

2 The inner mantle— The result of the analysis of gases in this 
zone shows that carbon monoxide, hydrogen, carbon dioxide, and water 




Tia 287 — ^Luminosity of Flames. Fic 288 — Haber’s Flame 

^ Experiment 

are present ® The httle oxygen which can penetrate to the vicimty of 
the innermost cone oxidizes the hydrocarbons in such a way that carbon 
monoxide and hydrogen gases still remain unbumt. The idea can be 
gathered from the equations 

O 2 H 4 +02 = 2C0 + 2 H 2 , and C2H2 + 0, = 2C0 + Hg 
No free oxygen has been detected m this part of the flame That which 
does penetrate into this region is used in oxidizing the two unbumt gases 
The oxygen distributes itself so that the gases carbon monoxide, water, 
hydrogen, and carbon dioxide are in equihbnum (see p 713) 

C0 + H20^H2 + C02 

Wlien this deduction was tested experimentally by P Haber, the gases 
ivere drawn from the space between the inner and outer man t lo s of the 

> The flame of cool gns burning in oxygoniomuoh reduced m size , the lummosity 
ifl increosed , ond there is not sufficient carbon present to show an appreciable 

* Also nitrogen, of course. Tins is domed from the atmosphenc air E\er\ 
one \olume of oxygen, it will bo remembered, is occompamed by four \olumes of 
nitrogen ^ 
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flames of coal gas bunung m a Snutbells’ flame separator fitted "with a 
side tubulure connected with a double-walled water-cooled platmum 
tube, A (Fig 288} Hence, whatever view be taken of the nature of the 
chemical process in the inner mantle, the net result of the reactions leads 
to the conclusion In the inner mantle, the hydrocarbons are oxidized to 
carbon monoxide and hydrogen gases, and these gases are in eqnxlibrvum 
with (he carbon dioxide and water, formed at the same time. The relative 
amount of each gas present is determined by the temperature 

It was once tau^t by M Faraday (1863) and others that when a gas hke 
ethylene — C2H4 — is burnt, the hydrogen bums first and the carbon after- 
wards As H B Dixon has expressed the idea “ There is a race for the 
oxygen of the air between the two constituents of ethylene, and the hydrogen 
being the fleeter of the two, gets to the oxygen first and is burnt to water ” 
H. B Dixon (1893), W A Bono and J C Cam (1897), and C M! Kerstcn 
(1861) have verified the old observation of J Dalton (1810) that when a 
mixture of acetylene or ethylene is detonated with insufScient oxygen to 
burn all the hydrogen and carbon, carbon monoxide and hydrogen aie 
formed, roughly according to the equation CjH4 + 02 = 2C0 + 2Ho , 
and C2H2 + 02 = 2CO + H^ This certainly makes it appear that the 
carbon bums to carbon monoxide before the hydrogen Hence the idea of a 
selective or preferential combustion It seems as if nearly oU the carbon 
is first oxidized to carbon monoxide, and the excess of oxygen, if any, 
divides itself between the carbon monoxide and hydrogen as mdioated above! 

It IS not yet quite clear what really does take place at the temperature 
of ^e hydrocarbon flame There are many reasons for assuming that at 
rather lower temperatures, the oxidation takes place in a senes of “ steps ” 
■without any hberation of free carbon or free hydrogen at any stage of the 
process W A Bone heated a mixture of different hydrocarbons with 
oxygen at a temperature such that neither carbon monoxide nor hydrogen 
we oxidized with appreciable velocity, nor the steam reduced by carbon 
Ihe e^nment -was arranged so that the gases were circulated altematelv 
through a hot zone and t^ugh a washmg apparatus for removmg con- 
dOTsiblo or soluble intermediate products of oxidation The results sLwed 
that the emotion is a complex process One example will suffice 
According to Bone, the oxidation of ethylene probably takes nlace in the 
senes of stages represented by the following equation ^ 

2r TT -U n -Zen 

2C2H3OH 4H OHO 

2H CHO + O2 2H.C00H 2C0 + 9.Tr„ r> 

2H COOH + Og 2CO2 + 2H2O 

“ humic » compoundsaie formSefo^ theLni ’ 
and water-ap?^r. t£ eSnmSZ^? 

higher temperatures, leads i5to suppose thartUL^ta?^”"® 

simpler , and at the still higher temperature of somewhat 

in all probability, simpler rtill of the flame, the reactions are, 
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9 The outer mantle --H everything be properly adjusted there is 

atn^le oxygen in contact with the outer ^ 1 200 *” 

monoxide and hydrogen formed m the inner mantle 2C0 + Oj - 2 CO 3 , 
4 - 0 - 2H,0 Tins part of the flameis chilled by the surroundmg 
nw K io l^s Ses from jet at an excessi^ pressure the air may 
not have time to oxidize all the carbon (smoke), 

and hydrocarbons. The gases, m consequence, are cooled before oxidation 
m the outer mantle is completed. Indeed, it is diffiodt to ensure complete 
oxidation because the cold air in contoot mth the dame 
peraturo of the gases so qmoldy that a httle hydrogen and carbon mono^de 
rometimes osoa^ oxidation, and hence, traoes^of these gasra are 0 ^ 
found among the poduots of combustion With a properly adjus^ 
flame, tn the outer wantle, the carbon monoxide and hydrc^en formed m the 
inner mantle are completely oxidized respeetvody to carbon dioxide and icater 


§ II The Luminosity of Flames. 

A general explanation of the cause of the luminosity of flames is not 
known Pure hydrogen burmng in dust-free air is almost mvisible even 
in a dark room The hydrogen flame becomes lummous if the gas be passed 
through a tube oontaimng a plug of cotton wool saturated wi^ l^enzeiw 
The experiment is usually made by connecting a U tube with the tabe 
dehvenng the hydroaen In Fig 289 the hydrogen is delivered by a 
Kipp B apparatus, and the gas is dned in a tower of calcium chloride, 0 
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One leg. A, of the U tube has the plug of cotton wool Both legs of the 
U tube arc fitted with jets — ^preferably fish-tail tips When all the an 
IB expelled from both legs of the U tube, hght the gas at both jets The 
oharoctcnstio hydrogen flame appears on one leg, and the luminous “ oar- 
buretted flame ” on the other leg A non-lununous Bunsen’s flame can 
be made luminous by passing particles of carbon through the flame, say, 
by rubbing tiro pieces of charcoal together near the air holes of the Bunsen’s 
burner , or by causing the air which passes through the air holes to pass 
over finely divided carbon — say lampblack from turpentine, or the 
hydrocarbon gases from a burning candle (Fig 290) can be tapped and 
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led into one of the air holes of the Bunsen’s burner adjusted to bum uith 
a non-lununous flame IVhen the hydrocarbons are passing through the 
flame, the flame is lummous If alcohol is boiled in a flask and the vapour 
jgmted at the mouth of the flask, a pale blue flame is obtained. If a jet 
of ohlorme gas be passed tlirough the flame, into the flask, the chlorme 
gas IB igmted, and it bums ivith a lummous flamo (Fig 291) The particles 
of carbon irhich separate rise mto the alcohol flame and make it lummous. 

Incandescent mantles — ^In Welsbach’s burner, the flame is non- 
lummous like an ordmary Bunsen’s bumei, Tho Welsbach’s mantle 
18 hung so that it is heat^ by the burning 
gas ^e mantle becomes mcandescent The 
mantle is made by saturatmg woven cotton 
fabncs with a misture of, say, 99 per cent 
thona and 1 per cent eeria The mised 
nitrates are dissolved in water. The cotton 
fahno retains some of the salts m its pores 
The cotton is then alloived to dry and burnt 
off in a stove , at the same tune, the mtrates 
are transformed into oxides The mantle is 
hardened and shaped in the bloivpipe flame, 
and the result is a kind of fragile potteiy 
which letains the form and shape of the 
ongmal fabric It would be too fragile for 
transit It is therefore dipped m collodion 
and diied The collodion is burnt pff the first 
time tho mantle is placed m position, and it 
is no longer to he carried about Tio incan- 
descent or hght-emittmg power of the mantle is somewhat sensitive to 
variations m tho composition of the mixture of earths With the above- 
named miicture, the light has ten times tho lUununatmg power of a fiat 
flame burner usmg the same amount of gas 



t ^ tiiofta to cetitt m the ash of tho mantle differs verv much 

tom 99 to 88 per cent of thona and I to 2 per cent of cerw of 

the mantie is reduMd If a greater proportion of oena be present, the dunlm^ed 
^ faot^iat the mantle S?aU bo 

tbo to full xnoanddsconco Thono. olono mveB verv li+fin ^ 

quantity of cena be distnbuted over the po ”r heat co£S So ™ 
is so small that it can be readily heSted to nteXf for 


Davy s solid particle theory —As a result of Ins classical mvestma- 
tions on flame, Humphry Davy (1816) was led to suggest that “tho 
superior hght from a stream of coal gas might be owmg to a decomposition 
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burning phosphorus , hydrogen phosphide , carbon di'ailphido m oxygen 
or m nitno oxide , hydrogen arsenide , etc , give luminous flames although 
tho temperature oi the flame is too high to allou the presence of sohd pro 
ducts of combustion Tins is confirmed by the fact that these flames 
give no shadovrs by Soret’s optical test Consequently, however true 
the solid particle theory may be for some hjdrocarbon flames, it does not 
describe all the story 

Frankland's dense hydrocarbon theory — H. Davy showed that 
the luminosity of flames is increased by pressure and diminished by rare 
faction E Erankland (1867) found a direct relation betw een tho luminosity 
of flames and the pressure Using the flame of hydrogen burning under a 
pressure of 12 atmospheres, a reduction of the pressure to 3 atmospheres, 
dimimshed the luminosity 99 per cent, as illustrated in Fig 292 il^guuig 
from tho fact that luminous flames are known which contain no solids, 
that dense gases and vapours give flames more luminous than gases of 
low density , and that feebly luminous flames become luminous when tho 
surrounding atmosphere is compressed, Franldand inferred that the 

luminosity of ordinary flames such as 
coal gas 18 due to the glow of dense 
h^ drocarbons rather than to the presence 
of solid particles, Lewes considers that 
the “ dense hydrocarbon ” in the flame 
of coal gas and related gases is acetylene, 
hence, tho so called acetylene theory of 
luminosity In the particular case of 
hydrocarbon flames, as interpreted in the 
preceding section, it does not appear 
that this hypothesis is a complete ex- 
planation inicii tho pressure of the 
atmosphere is altered, the dense hydro 
„ 1 j carbons thomseh cs gi\ e opaque flames 

taming solid matter The phenomenon is complicated by changes m 
the oOTiditiOM of equilibrium of the products of combustion, and it is 
the decomposition of the hj drocarbons in the "innermost 
parte of the flame is facilitated by increasing the pressure 

j probable that dense vapours, os well as incan- 

J luminosity Two distinct effects can be observed 

Ilf Fydrogen phosphide a greenish glow' due to the oxidation 

phosphide is lamely diluted 
heUhcBt seen when pho^ 
phorus bums m air or oxygen Tins is no doubt due to the elowanrof 

to S of ^'^Povr, can be nfode 
point Similar ^ j temperature has attamed a oertam 

luminosity —Just as a variation of 

hanttv m®oSS Ha °°^q;i«uce, combustibles bum far more bril- 
hantly in otygen than m a,r Tho flame of carbon disulphide in air is 



e t « e a m a 
Atmtaphens presaure 

Fia 202 — Influence of Pressure on 
Luminosity 
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nothing like so Brilliant as m oxygen , the flame of hydrogen phosphide 
in air is bnlhant, hut in oxygen the flame is of dazdmg bnlhance Phos- 
phorus bums in chlorme with a far more lununous flame when the chlorme 
IB hot than when cold Carbon monoxide in oxygen bums with a flame 
appreciably lununous Similarly with flames known to contam solid 
matter Magnesium and sihcon hydride bum far more brightly in oxygen 
than m air The effect of mcreasing the temperature of the gases in a 
non-lummous Bunsen’s burner has been previously discussed 

To summarize A general explanation of lummosity to cover all cases 
IS wanting To say that “ lummosity is caused by the intense vibratory 
motions of the molecules induced by the act of chemical union ” is not 
very satisfactory, because it tells us little more than that “ flames are 
luminous because they emit a bright hght,” until it is shown why the 
“intense vibratory motions of the molecules” of many non-luimnous 
flames do not give hght In special cases, the lummosity of flames can 
be traced to the “ glowing ” produced either by the products of com- 
bustion (c g hydrogen phosphides, silicon hydride) or intermediate products 
of combustion (e g hydrocarbon flames) The glowing may be due to the 
presence of glowing vapours (e g hydrogen phosphide) or to glowing sohd 
matter (e g silicon hydride) The luminosity of flames is m general 
increased by raising the temperature or increasing the pressure. 


B 

iLil 


Fib 293— Parts of 
Bunsen’s Burner 


§ 12 The Bunsen’s Burner 

I Structure of the burner — ^The gas burner devised by Robert Bunsen 
about 1855, will be very famihar to chemistry students Its construction is 
easily understood Unscrew the burner tube from the base The burner 
consists of three parts (1) The base A, Rg 293, 
supphed with gas by means of a rubber tube con- 
nected with the mam The gas escapes from a 
small operang m the base, which may or may 
not have a screw “ pm hole ” mpple By h^tmg 
the gas issumg from the base, a long thm pencil of 
flame is obtamed. (2) The burner tube, B has 
a couple of opemngs near the hose, and these 
can be closed, partially closed, or opened by 

a, IS » *ort ojTlmdncal 

^be fitted with holes to correspond with the holes m the burner tube 
mre ate numerous modifications, that just described may be takS^as 
^cal Some are provided with an attachment for foromg m air under 

’ Or solder a piece of brass tubing to the burner 
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Fia 294 — Pressure nt Air 
holes of Bunsen’s Burner 


bqmd — coloured to enable it to be seen better — and the gaa is turned on, 
the movement of the liquid tou'ards the burner shows that the air holes 

exert a slight suction Wlien the gas is turned 
off, the liquid in the manometer returns to 
its former position 

A certain ratio must exist between the 
proportion of air and gas in the burner tube 
in order to got the gas to bum quietly with a 
blue flame — the so called Bunsen’s flame 
This IS observed by placing the regulator m 
several different positions and gradually turn 
mg off the gas Wlicn the air holes are fully 
open, and the gas is gradually turned off, a point is reached when the 
flame begins to flicker, and finally “ strikes book ” afterwards burning at 
the bottom of the tube As a matter of fact, the mixture of air and gas 
burning in the Bunsen’s burner is explosive when the gas is burning quiotlj , 
the rate nt w'liioh the flame travels in the explosive mixture of air and 
gas IS less than the rate at which gas is issuing from 
the burner , when more air or loss gas is introduced, 
the sjieed nt which the explosive flame can travel is 
increased , when the rate of the explosive flame and 
the speed of the gas issuing from the burner are nearly 
equal the flame renches the unstable condition , any 
further increase in the amount of air or decrease in the 
amount of gas gives an explosive mixture in which the 
explosive flame can travel faster than the issuing gas, 
the flame then “ strikes back ” ^is phenomenon is 
best studied bv clamping a long tube — 5 or 0 feet long, 
and about U inches wide — ^vertically over a Bunsen’s 
burner. Fig 295 Plug the space between the Bunsen’s 
burner and the glass tube with cotton wool Close the 
air holes of the former, and hght the gas (Fig 295) 
Gradually remove the cotton wool until a large blue 
Bunsen’s flame is obtained Tlien open the air-liolcs 
of the Bunsen’s burner gradually, and a point will bo 
reached when the flame “ strikes back ” with a loud 
though harmless report. 

In the Bunsen’s burner, the proportion of air to gas 
IS between 2 and 3 volumes of air per one volume of 
gas, but for complete combustion of the gas, about 0 
volumes of air arc needed If such a mixture w ere sent 
. through an ordinary Bunsen’s burner, the flame wxiuld 
strike back ’ — foi the reasons indicated above 
G M6kcr, how c\ cr, has designed a burner in w hich such 
a mixture can bo burnt — ^M^er’s burner From tJio 
sectional diagram. Fig 296, it wiU be seen that the air 
gnd hinders the flame “stnking 
X issumg from the burner has enough air for complete 

oomb^on, the flame is practically a “ sohd cone” of burmng gas, and 4ere 

S^s ” In consequence, the temperature of the 
jptepor of the flame is rather greater than the temperature near the outside 



Fio 206 — Striking 
back of Bunsen’s 
Flame 
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3 Why IS the flame non-luminous ? — (a) Oxidation. It waa 
formerly taught that the non lummosity of the Bunsen’s flame was exclu- 
sively due to the influence of the adnux^ oxygen 
bnnging about rapid and complete combustion 
so that instead of the hydrocarbons decomposing 
m a senes of mtermediate stages, they were burnt 
more directly to carbon dioxide and water Ex- 
periments by V B Lewes on the amoimt of 
different gases required to produce the non- 
lummoiis flame showed that one volume of coal 
gas required for the non-lummous flame 

Mixture of ON 10 11 1213 16 (air) 

Volume reqmred 06 10 16 20 23 vols 

This shou's that oxygen mtimately mixed mtli 
the coal gas exerts an oxidizing effect and 
faoihtates rapid combustion (fe) The coolmg Fxa 296 —Maker’s Burner 
of the flame by different gases This, however, 

is not all the story Inert gases like nitrogen, caibon dioxide, and steam 
produce non-luminous flames Thus, 

Gas Air Nitrogen Carbon monoxide Carbon dioxide 

Volumes reqmted 23 23 61 13 



These facts coupled ivith the knoivn effect of temperature on the lummosity 

of flames, show that the air reduces the luminosity 

of the Bunsen’s flame by ohillmg the reactmg 
gases (c) The raismg of the temperature of 
the decomposition of coal gas by admixture 
with mert gases Lewes has shown, other things 
bemg equal, that coal gas, when mixed with 
nitrogen, is probably more stable when heated in 
the inner cone than when nitrogen is absent , and 
further, a different set of decomposition products 
are obtained when the hydrocarbons are burned at 
the higher temperature Further details on the 
nature of the Bunsen’s flame are indicated m 
precedmg sections /s?o* 

4 Oxidizing and reducing flames —The 

outer mantle of the flame, where there is an excess ^ - a 

18 osxdizing , and the inner 

^ere combustion is not complete, is reducmg o 

This can be confirmed by holdmg a piece of 

copper wire across different parts of the flame 

Advantage is taken of this in qualitative analysis 1 1 1 

where “ flame reactions ” famish valuable indica- i 

tions of the composition of a mixture 

5 The temperature of the Bunsen’s flame — ^BUliHB 

lue -cmperatureof different parts of the Bunsen’s —Temperatures 

i» 
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presence of several errors in the method used for the determmation The 
most satisfactory methods show that the maximum temperature is some 
■where between 1800° and 1870° Valuable information respectmg the com- 
position of certain mixtures can be obtamed by taking advantage of the 
different volatility of salts, and the different temperatures of the Bunsen’s 
flame Eor instance, potassium salts can be volatilized so as to give the 
flame reaction for ■potassium, before the sodium has begun to volatihze, 
if the mi-rture of the two salts be held m the cooler part of the Bunsen’s 
flame near the burner 

The temperature obtamable by heating a small body m a Bunsen’s 
flame is said to range from 1100° to 1350°, in a Maker’s flame, from 
1450° to 1500° , m a petrol blow-pipe flame, from 1600° to 1600° , in the 
oxy hydrogen flame, about 2000°, m the oxy acetylene flame, about 
2400° , and m the electric arc, about 3500° 

Accordmg to E4ry (1904), the flame temperature of a Bunsen’s flame, 
fully aerated, IS 1871° , and according to V B Lewes (1896), the maximum 



Fig 298 — Radiation of Heat by Luminous and Non luminous Flames 

temperature of a luminous flame is 1330° Hence, it might be concluded 
that the Bunsen’s flame develops more heat than the luminous flame 
burmng the same amount of gas. This conclusion would be erroneous. 
Given ]ust sufficient air for complete combustion both flames develop the 
same amount of heat (Hess’ law) The reason the temperature of the 
lumuious flame is less than that of the non lununous flame is due to the 
fact that a greater quantity of the beat generated by the combustion of 
the gas m the luminous burner is lost by radiation When the luminous 
flame is placed under a vessel less beat strikes the vessel, because more 
heat IS raiated mto space Accordmg to J Tjmdall, the Bunsen’s flame 
radiates 12 per cent of its heat into space, while the luminous flame radiates 
30 per eent The difference in the heat radiatmg power of the two flames 
can be illustrated by the following experiment A differential thermo 
meter. A, Rg 298, is arranged so that the heat from a Bunsen’s flame, B, 
IS concentrated on one of the bulbs by means of a reflector, 0 A rise of 
the temperature of the bulb is shown w'hen the air holes of the Bunsen’s 
burner are closed and the gas bums -with a lumuious flame The difference 
bctivecn the tw-o flames thus depends on the w'ay the heat is distubuted. 
If all the heat m both flames be utilized, the one gi\cs out as much boat 
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as the other The heat of the Bunsen’s flame is more local and oonom- 
trated than the heat of the same gas bummg -with a luminous flame The 
Bunsen’s flame is therefore best for boiling, etc , where the heat mus^e 
concentrated on the bottom of a vessel oi as locally as possible The 
Bunsen’s flame, moreover, is not hable to deposit soot on the bottom ot 
the vessel being heated and so obstruct the conduction of heat from the 
flame to the vessd In certaan industnal operations the luminous flame 
often gives better results than the non-lummous flame for heating largo 
enclosures directly by flame The non-luminous flame heats more where 
it touches , the luminous flame radiates heat to its surroundings, and this 
helps to keep the temperature of large enclosures uniform 


Questions 

1 Assuiuing exterior conditions to be the same, which will probably show the 
greater explosive efiect, a mixture of 600 c e of oxyran and 600 coo! hydrogen, 
or a mixture of 300 c o of oxygen and 600 c c of hydrogen, and why f-^Amertcaii 

, , , , 

2 Describe lecture experiments that illustrate — (a) that hydrogen burns 
wth a luminous flame when benzene is added to it , (6) that a flame “ strikes 
back ” tlttough a tube when a sufficient amount of air is mixed with cool gas , 
(c) tliat the mtenor of the inner cone of a round flame is cool , (d) that oxjgen 
will bum in coal gas — Oomell Untv , V S A 

3 Give three reasons for the non luminosity of the flame from a Bunsen’s 
burner When wdl such a flame “ strike bock ” T IVhat causes the lummosity 
of the ordinary gas flame T Why does the amount of carhon dioxide in the atnio* 
sphere remam practically the same ? — Oomell Untv ,U iS i 

4 Describe and explom as fully as you can all the chemical changes which occur 
ill the hummg of a deep antliracite coal fire B'^lain any differences between 
such a fire aud one of bitunimous coni — Amertcan Coll 

6 State some of the consequences which would conceivably follow if the 
percentago of oxygen m the atmosphere wore to increase to double the present 
proportion. Explain your answer, and cite expenments in support of your 
statements — Amertcan Coll 

6 What influence had the phlogistic theory on the progress of chemistry t 
IVhy was the anti phlogistic theory incomplete before the composition of water 
was known 1— Science and Art Dept 

^ IVhat IS a reducing t^ent ’ Name three agents capable of eftooting the 
reduction of feme chlonde in aqueous solution, and explam the ohemical changes 
involved By what test could the completion of the r^uction ho ascertained 
Shef eld Untv 

8 Write a brief history of the theory of phlogiston with on account of the dis 
co\enes which finally led to its rejection — Science and Art Brpt 

ft IVliat would be the effect of heatmg lead oliloride to redness, (o) in a current 
of hydrogen , (6) with potassium carbonate , (c) with charcoal ? — Owens CoU 

10 Define the terms reduomg and oxidizing agents and give three examples 
of each Define conibuaUon in (o) the popular and (6) the striotly scientific sense 
Will air bum T — Prtnceton Untv , U S A 

11 Discuss the theonos that have been proposed to account for luminous 

combustion Describe the flomca of the following substances and them products 
of oombusbon, viz carbon monoxide marsh gas, olefiant gas, phospluno am 
raoma, hydrogen sulphide, and silicon hydride — London Univ. ’ 

12 Desonhe the boutcto, preparation, and properties of the eartlis used m 
the monufacture of mantles for moandescent hgb^g In what proMrtion 
are these e^lw iwed, and what is the part played by each in producing «ie mtenso 
light emitted by the moandescent surface 7 — Board o} Educ ^ 
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The Compounds containing Cabbon and Nitrogen 


§ I Ferrocyanides and Ferncyanides 


Potassium ferrocynaide, KiFeCy* — When mtrogcnous refuse (blood, 
homs, leather scraps, etc ) is oharred, and the black mass is igmted with 
potash and iron filings, something is formed which passes into solution 
when the mass is Imviatcd inth water Tlie aqueous solution on ovapora 
tion gives yellow crystals of potassium ferrooyamde with the cmpinoal 
composition, K^FcCjNb 3 H „0 It is convenient to represent the univalent 
group “ ON ” by the symbol “ Cj ,” and accordmgly the formula is \mtten 
K^FeCyj SHoO The same salt is obtained from the “ spent ovide ” of 
the “ purifiers ” of gas works which arc used (7 a ) to remove the sulphur 
and cyanogen compounds from tho gases formed during the distillation 
of coal Tho “ spent oxide ” is boiled with lime Tlie soluble oalomm 
ferrooyamde is leached from tho moss, and converted into potassium salt 
by the treatment vnth potassium carbonate Tlie resulting potassium 
ferrooyamde is purified by crj stalhzation Sometimes the cyanogen 
compounds are removed from tho coal gas before it rcaohes ^0 punfiers 
by washing tho gas m an alkahno solution vnth ferrous carbonate in 
suspension 


Properties of potassium ferrocyanide —Potassium ferrooyamde 
crystalhzes in lammated, sulphur yellow ciystals vnth three molecules of 
water of crystallization,” K^FeC^j SFUO Tlie salt is soluble m vniter, 
the solution has a bitter taste, but is not particularly poisonous Tho 
salt loses its water of orystalhzation ” on warming, and tho anhydrous 
salt remains behmd as a white powder Tho salt is decomposed when 
- ^med, formmg potassium oyamdo, KCy, and an impure iron carbide 
K;4Fe^g->4KQy + re08 + Nj W'hen warmed with dilute sulphuno 
aoid, hydrogen oyamde (gr v ) is formed , with concentrated ^phuno aoid, 
carbon monoxide is evolved 


KiFeCyB + GHjO + 6H2SO4 = 2 K ^04 + EeSO^ + 3(^4)2804 + CCO 
PotasKum ferrooyamde decomposes when igmted out of 'contact with 
the air and forms a oon^lra mixture of potassium oyamde, iron carbide, etc 
Ferro(^anic amd, H4FeCy5 — ^\\Tien a saturated solution of potassium 
dissolved air by boiling, is treated vntli ooncen 
trated hydroohlono acid m the cold, a wlute crystalhne powder called 
ferrooyamo acid is formed, it has tho empirical formula, H.FeCV- 
Fe^anio aeid turns blue on exposure to the air owing to the partial 
decomposition of the salt and tho formation of Prussian blue (g i ) ^ 
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Sodium mtropiussido. No^oNOCy, 2^0 -TO™, “2- 
of powdered potasaum ferrooyamde are boiled for half an hour -mth 4 c 
of concentmted lutno acid diluted with ite own volume 
cold solution made alkahne with sodium hydroxide, cr^te 

of sodium mtroprusade are obtained Here the radicle IsO takes toe 
place of one Ha atom, and one Oy radicle, m sodium 
rolt IB sometimes caDed sodtwm miroferrccyamde A solution of somum 
mtroprusside is sometimes used as a test for snlphides since it gives a deep 

violet coloration with soluble sulphides 

Potassium ferncyanide, K^eQyg — ^If an aqueous solution ra potas- 
sium ferrooyamde he treated with oxidizmg agents hke chlonne bromine, 
nitno acid, hydrogen peroxide, etc , it acquires & dark reddish colour, 
and crystals of potassium femoyamde separate when the solution is con- 
centrated hy evaporation 2K.4PeCy6 -J- Og = 2 KC 1 + 2K3Pepy5 The 
potassium fernuyamde is separate from potassium ohlonde hy re ciystal- 
hzation The solution is a mild oxidizing agent m alkahne solutions, for 
it oxidizes “ reducing agents ” hke sodium thiosulphate, hydrogen sulphide, 
etc., re-forming potassium ferrooyamde 4H3PeC^g 4 K 0 H = 2H3O H 
4K4FeC^8 -f O2 When a saturated solution of potasanm ferncyanide is 
treated with concentrated hydroohlone acid, m toe cold, reddish-brown 
crystals of femcyamc acid, H3FeGyg, separated from the solution 

Various salts of ferrooyamo and femcyamc acids have oharaotenstic 
colours, and consequently, potassium ferrooyamde and ferncyanide— 
particularly toe former — are used m quahtative analysis. 

Tibub LYI — ^PnoBEKTres or Psrbo- ivn PEaai-CYAMDifS 


Feme cMonde 


Ferrous cMondo 


Copper sulpbato 
ZiBo sulphate 
Silver nitrate 


Ferrooyonides added to 


Deep blue, precipitate o£ 
Prussian blue, insoluble in 
hydrochloric acid, soluble 
in ovalio acid 

Bluish white precipitate 
which rapidly darkenB on 
exposure to air, or by add 
mg a drop of broimne 
Bedoish brown precipitate 
White iwecipitate 
White precipitate 


Femoyamdes added to 


No precipitate m neutral so 
lutions, but the solution 
IS coloured green or blue > 

Deep blue precipitate of 
TumhulPs blue 


Yellowish-green precipitate 
Orange precipitate 
Reddish brown precipitate 


Feme ferrocyaiude, Pe4(FeCyg)3— Tins compound is also called 
Prussian blue It is formed, as indicated m toe precedmg table, when 
a solution of potassinm ferrocyamde is added to a solution of a feme salt 
It 18 msoluble m hydroohlone acid, but soluble m oxaho acid, fomung a 
deep blue solution When heated with concentrated sulphuno acid 
Pmssian blue yields hydrocyanic acid , and when boded into alkahne 
hydroxides, feme hydroxide is precipitated, and alkahne ferrooyamde 
remoms m solution Besides the “ insoluble ” Prussian blue, a “ soluble ” 
or colloidal Prussian blue is formed when a feme salt is added to a solution 
of potassium ferrooyamde, or a ferrous salt to a solution of potassium 
femoyamde By the addition of salt to toe solution, the “soluble” 
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Prussian blue is coagulated or “ salted out," and the prcoipitatc is then 
“ insoluble ” Prussian blue 

Ferrous femcyanide, Fe,(EoCl^s)a — Mlicn potassium femoyanide is 
added to neutral or acid solutions of ferrous chloride, a dark blue preci- 
pitate of ferrous ferncyanide, also called " Turnbull’s blue,” is formed 
If potassium ferrocyanide is added to a ferrous salt, ferrous potassium 
ferrocyanide, FoKjFeCyj, or ferrous ferrocyamde, FojFcQjo is formed 

§ 2 Hydrocyanic Acid and the Cyanides 

Potassium cyanide, KQj — ^Potasaiuni cjnnidc u ns formerly mode by 
heating potassium forroovanide either alone or ini\cd intli potassium 
caibonatc in an iron onieible to a red heat K 4 FCCJ f -1- KjCO^ = fiKCv -J 
KCyO Fe -H CO, The mass 11 as liYi\iated mth nntcr, and the solution 
evaporated to dryness, fused, and oast into stieks Tlie commercial silt 
always oontaiiis some potassium o> nnatc, KOj 0 Potassium cvanide is e\- 
tensively used in electroplating, gilding, the evtractioii of gold from quartz, 
and in photography Fused potassium cyanide is a powerful reducing 
agent, and it liberates metals from their oxides, and is at the same tinn, 
com erted into potassium cynnate (< 7 » ) RnO, + 2KCy = 2KC\ 0 + Sii 
Hence potassium cyanide is used in mctalhirg}' and in analytical work 
Wnicn heated alone, potassium cyanide fuses without decomposition in 
the absence of air, but if air be present, it is partially converted into 
potassium oyniiato (qv) Potassium oxanido is soluble in water and in 
hot alcohol Tlie aqueous solution is xerj unstable, p 327, and when 
boiled with water, it slowl> decomposes, forming ammoiiin and iiotassiiim 
formate, H CO OK. 

Manufacture of cyanides — CSanides can be manufactured chenph 
m several wajs Bj fusing potassium fcrrocjnnido with sodium all the 
cyanogen, Cj, is com erted into cjanide K^FeCj^ + 2Na = 2NnCh -\- 
4KCy -f- Fe The iron can bo separated from the fused mass, ond a 
mixture of sodium and potassium cyanides remains The mixture can be 
used for the extraction of gold, etc If ammonia bo passed o\er lieated 
sodium, sodamido is formed 2 NH 3 + 2Na = 2NH,Na + It, as indionted 
on p 638 , and if tho fused mass be run over red hot carbon sodium 
cyanide is formed 2NaNHj -f 2C = 2Ho + 2NaCy 

A Frank and N Caro patented a process in 1896 for the fixation of 
the nitrogen of atmospheno air bj heating oalcium or barium carbides in 
an atmosphere of nitrogen between 1000° and 1100° Nitrogen, it will 
bo remembered, is a by-product in Linde’s process for separating oxtgen 
from liquid air The absorption of nitrogen by the carbides commences 
about 700°, but tho reaction is incomplete, at 1100°, howoicr,' tho 
'absorption is practically complete, and c^cium cyanamide, CaCN„ that 
13, Ca=N — Cy, is formed CaO, -1- N, CaCN, + C A large amount of 
heat 18 evolved at tho same tune Tho mixture of carbon and calcium 
cyanamide so obtained is known in commorce ns ‘‘nitrohme’’ or “knlk 
stickstoff ” When in contact with water, calcium oyanamide forms dicyan- 
diamide (CyNH.),, thus 2CaCNg + 4H,0 = 2Cn(OH)j + ((^NH„). , and 
when treated with superheated steam, calcium cyanamide fonns ralciiim 
carbonate and ammonia CaCN, 3H,0 = CaCOj -f 2 NH 3 Calcium 
cyanamide is used ns a fertilizer, and in the manufactiiro of cyanides, for 
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if calciam cyanamide be melted ■vnth a suitable flux — sodium clilonde 
or carbonate — sodium cyamde is produced CaC!N2 -}- C = G&Cyz » 

CaQy, J-Na 2 C 03 = CaC0,-f 2NaCy 

Complex cyanides — Wben simple and complex cyamdes ate boiied 
•with "Water holding yellow mercuric oxide m suspension, mercunc (^aiude, 
HgCvo IS formed, thus, -with potassium ferrocyanide K4EeOy6 -f 
3HgO -f SHoO = Fe(OH)2 + 4K0H + SHgCyg The decomposition of 
the cyamdes" by mercunc oxide is utilized m quantitative analysis for the 
separation of cyamdes Silver cyanide is formed as a white insoluble 
powder when potassium cyajude is added to a soluble silver salt The 
precipitate is soluble m excess, forming a complex potassium argento- 
cyamde, KAgC^a ^ added to the solution, silver cyanide 

IS precipitated. This complex cyamde is used in electroplatmg, p 303 
This reaction is used for the lolumefnc deferminafxon of pofassiiim cyanid» 
A standard solution of silver mtrate is added to the (yamde solution until a 
precipitate is just formed. The burette is then read , and the amount of 
potassium cyamde correspondmg "With the silver solution dropped frojn the 
burette is computed from the equation 2KQy AgNOg = KAgC^2 
KNO3 Each atom of silver corresponds with two molecules of potassium 
cyanide Any further addition of the silver mtrate will decompose some 
of the potassium cyamde and form a precipitate 

Cuprous cyamde also dissolves m potassium cyamde fonmng a similar 
complex salt CuCy + 3KQy KaCuCy^ The potassium cuprocyanide 
so obtained is sufficiently stable to be nnaffect^ by hydrogen s^pbide 
in neutral or alkahne solution , the cadmium complex lyanide, KgCdQy,, 
IS decomposed under the same condibons A common method of separatmg 
copper from cadmium depends upon this fact 

The cyamdes are remarkable m fonmng a senes of complex cyano-salts 
remarkable for their stabihty Potassium ferro- and fem-cyamdes, and 
potassium sdver cyamde have been previoudy studied. If the method 
worked out for the graphic formula of ammomum chlonde were apphed 
consistently it might be inferred the iron m the ferrocjurades is 10-valent, 
and 9-valent in the femcyamdes. Veiy little is known about the relative 
position of the atoms in these molecules The complex cyamdes are 
convemently formulated according to Werner’s scheme (R nmvalent), 
p 647, in illustration 


fAgCv.lR 

[ZnCj-^lR* 

rFcCyJRj 

[I'e(5’e]R4 


[AuCvjJR 

[PtCy^JR, 

rCoCy«]Rj 

[CoCy*]R4 


[ZnCy.]R 

fCaC^sJRn 

[Mn(^dRj 

prnCvJR, 


[Cu.Cy,]R 

[NiGvi]R« 

[^y,3R, 

fCrCyJR^ 


In sodium mtropnisslde, or sodium mtrofemcyanide, "ue have 
[Fc(NO)Cy5]Na2. The union of ferrous and potassium cyamde m the 
c^e of potassium ferrocyanide, and of feme and potassium cyanide in 
the case of potassium femeyamde, must involve a profound change in the 
molecules concerned. The iron ceases to act as a basic element, but 
becomes an integral part of the acidic radicle Potassium femeyamde is 
not therefore a double salt, Feqy3 3Kqy, and -potassium ferrocyamde 
is not a double salt, PeCva smoe the iron cannot be separa^ by 
precipitation as is the case with the iron in ordinary ferrous and feme 
^Its, and aquTOUs solutions of potassium ferrocyamde, according to 
tbe lomc hypothesis contain the quadnvalent ion, EeCy"", and the 
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fcmojanidcs, llic torvalont ion EcC\j"', becauB«* tlio iron appears at llie 
anode not the oathodo during eleotrolj'si*! 

Hydrogen cyanide, HCN — ^Hydrogen cyanide is made bj distilling 
a mixture of powdered potassium cyanide wth a mixture of equal volumes 
of sulpliuno ooid and water , if concentrated acid be used, a considerable 
amount of carbon monoxide is evolved. Tlio \ni)our is passed through a 
U'tubo oontaimiig oalcinm chloride to remove the water Tlie dn 
hydrogen oyanido is led through a U tube surroundcil bj icc , and the 
gas condenses to a colourless liquid The gas is nl>^mado bypassing dt^ 
hjdrogen sulphide over dry mercuiy 03anid( and condensing the vapour 
to a liquid as before Pure hj’drogen oj anide is one of the most dcadl} 
poisons known, and hence great care must bo taken in exponments watli 
hjdrogen oyanido and indeed with 03nnidos generalh ^’hc liquid Ixnls 
at 20 5®, and frecres at — lfi“ to a white solid It dismUes in water in 
all proportions, and the solution — called hydrocyanic acid — ^lias the smell 
of bitter almonds K. W Schccle discovered ha droeyanio noid in 1782 , 
J L Gay Luasao made the anhydrous compound, HCN, and established 
its composition in 1811 A 10 per cent aqueous sohifion is often called 
“prussic acid,” and a 2^ per cent solution is used in medicine The 
ordinary aqueous acid can bo made bv the distillation of, saa, 0 5 gram of 
potassium fcrrooj'anide with 100 c o of 10 per cent, sulphuric acid until 
10 0 0 of a dilute aqueous solution of the acid has oolleetod in the reoen or 
Tlio latter process is also used on a large scale 

Hydrooj'anio aeid is monobasic and the salts, as indicated aboa o, are 
called cyanides Hj'drooyanio acid is one of the weakest of acids, and 
this oorrcsiionds with its low elcotrioal conductnitj Some ammonium 
cyanide is formed when ammonia is passed o\cr red hot charcoal and 
when a senes of clcctno sparks arc passed through a mixture of acetylene 
and nitrogen TOion ohlorine gas is passed into In droeyanio acid, a 
colourless liquid called “ liquid ” cyanogen chloride with the empiucal 
formula, CyCl, is produced HCy -{- CI3 = HCl J- C\ Cl Tins poU merircs 
on standing and forms “ sohd " cyanogen chloride, or cyanunc chloride, 
CyaClj The action of bromine on a metallic cj anidc or on hydrocy nnio 
acid furnishes cyanogen bromide, CjBr This substance sublimes at 
from C0°-06°, forming transparent orastals When treated with a well- 
cooled aqueous solution of sodium tnmtnde, NaNj, p 552, freshly 
prepared cyanogen bromide gradually dissohcs If the solution lie 
oxtra9ted w ith ether, and the ethereal solution bo evaporated in a current 
of dry air, a colourless liquid is obtained which soon crystnlhrcs The 
crystals have the oinpinoal composition CN^, and they apjicar to lie 
cyanogen trimtride or cyanogen hydrazoate, N3— C«N, formed bj the 
reaction NgNa + CyBr = NaBr -f- N^Cj' The compound is explosive 
decomposes at 70°, molts between 35 6° and 30°, dissohes in water, and 
the aqueous solution gradually hydrolj'zcs CyN^ + 2HjO = N3H 4- CO, 
-1- NH3 The compound gradually polymcrircs on keeping 
^ When hydrocyanic acid is heated avith mineral acids, or when potassium 
oyo^uidc 18 boiled with Vrator, formic acid or rather ammonium formate 
IS produced HCy + 2BUO = BLCO OH -j- NH3 MTien ammonium 
formate is distilled with somo dehydrating agent — saj , phosphorus 
pentoxide— the formic acid is resolved into hydrogen cyanide H COONH4 
=5 Hpy -J- 2E2O These facts, together with much ovidonec discussed 
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mtext-books of orgamo olieirustry,sliow that the hydrogen atom m hydrogen 
oyamde is probably runted directly mth the carbon atom and not with 
the nitrogen atom, and that the formula of hydrogen oyamde is H— CfeN 
nie fact that the hydrogen of hydrocyamc acid can be displaced by the 
metals corresponds with the close analogy between hydrocyamc and 
hydroohlono acids There are some reasons for supposmg that there are 
two senes of compounds denved from an acid with the empincal formula, 
HON, the one set called the cyanides or nitriles corresponds withH— C=N, 
and the other, called isocyanides or isonitnles, with H— NsC These 
compounds are discussed m orgamo chemistry 


§ 3 Cyanogen 

Cyanogen, Cy2, is a gas made by heatmg merouno or silver oyamde 
m a hard glass tube HgCyo = Hg + Cya is best collected over 

mercury. Fig 44 The 3neld of cyanogen is much less than the theoretical 
owmg to the simultaneous formation of a pecuhar dark brown powder called 
puacyanogen Tins substance appears to be a polymer of cyanogen, 
because if continuously heated it furmshes orchnary cyanogen On 
heatmg a mixed solution of potassium oyamde and copper sulphate, a 
yellow precipitate of cupric cyamde, Cu^2» “ first formed, and this is 
immediately decomposed mto cuprous cyanide, CuCy, and cyanogen 
4" 2CuSO^ = 2K3S0^ 2CuCy + Cy2 Small quantities of cyano- 
gen occur m blast furnace gases. 

Cyanogen is a colourless poisonous gas with a famt odour which 
remmds some people of the smell of peaches Cyanogen burns with a 
violet coloured flame formmg carbon dioxide and mtrogen It condenses 
to a hquid under a pressure of four atmospheres at ordinary temperatures 
and at ordmary pressures it furmshes a hqmd boiling at 20 7°. The 
hquid freezes to a white sohd melting at -34® The gas has a vapour 
^nsity of 62 (H^ = 2), which corresponds mth the molecule aN, 
Cyanogen dissolves readily m water The aqueous solution depots a 
peci^ar bromi flocoulent mass— azulmic acid— on standmg , ammomum 
oxalate, hydrogen cyamde, and carbon dioxide are formed at the same 
fame Cyanogen umtes directly mth the alkah metals formmg cyamdes. 

daik blue, and 

(geimao), I produce Cyanogen was isolated by J L Gay-Lussac in 

se.-S'iSsJCS.SfiSi'SSSS; 

§ 4 Cyanic Acid and ttie Cyanates 
potassium cyamde or ferrocvamde mth an beatmg 
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alcoliol, and concentrating the alcohohc solution by evaporation Potas- 
sium cyanate is a colourless ciystaUme powder readily soluble m water and 
in dilute alcohol The aqueous solntion readily decomposes KOpy 4 * 
2H2O = NH3 + KHCO3 The corresponding acid, HOC^, decomposes so 
rapidly into carbon diomde and ammoma HOCy + HjO = CO2 + NH,, 
that cyamc acid cannot be prepared by the decomposition of its salts with 
mineral acids 

Cyamc acid, HOQy — If cyannne chloride, CyiCl3» treated with 
water, cyannne acid, 330^303, is formed Cy3Cl3 - 1 - SH^O = 3 HC 1 + 
as a crystallme tnbasic aoid If, cyannne acid be heated m a 
tube, and the vapours passed through a U-tube cooled by immersion in a 
freezing mixture, an unstable liquid with the empincal formula HCyO 
IS ohtamed H3Cy303 = 3 HCyO If the temperature he nised above 0 °, 
cyamc acid rapidly polymerizes into a hard, white, opaque mass called 
cyamelide 

Ammomum cyanate, NH^CjO — This salt is formed as a white 
crystalline powder when drj' ethereal solutions of ammonia and cyamc 
acid are mixed together It is also formed nhen a nuxture of carbon 
monoxide and ammoma is passed over heated platinized asbestos, or 
subjected to the silent or spark electnc discharge On evaporating an 
aqueous solution of ammomum cyanate, F Wohler, m 1828 , synthesized 
urea, COlNHjlj (p 685 ), isomenc with ammonium cyanate With potas 
Slum hyinxide, ammomum 03'anate forms potassium cyanate 


§ 5 Thiocyanic Aad and the Thiocyanates 

If the alkahne cyanides be fused with sulphur, a change, analogous 
with the oxidation of the alkahne oyamde, occurs, and the so called thio 
oyanates, or “ sidpho oyamdes,” are formed KQy + S = KpyS The 
fused mass, when cold, is lixiviated with dilute alcohol, and the alcohohc 
solution, when concentrated by evaporation, funushes colourless dehquescent 
crystals of poteissium thiocyanate, KCN& Ammonium thiocyanate is 
convemently made by digesting concentrated ammonia with carbon 
disulphide 4NH3 + CSj = NH^SCj + (NH^loS The thiocyanates give 
a blood red feme thiocyanate ivith feme salts, and no coloration occurs 
with the ferrous salts lE feme salts be absent According to the ionic 
hypothesis, the red colour is supposed to be due to the un lomzed molecules, 
Fe(C!yS)3, smee neither the feme ion Fe nor the thiocyanate ion CyS' 
are coloured The red coloration is intensified if more feme salt, or more 
thiocyanate he added to the solution, because the “ addition of a common 
ion ” causes part of the ionized salt to recombine to form molecules of the 
coloured feme thiocyanate When silver mtrate is added to a solution of 
potassium thiocyanate, a white flocculent precipitate of silver thiocyanate, 
AgCyS, separates This is insoluble in dilute mmcral acids This reaction 
IS the basis of Volhard’s volumetne process for the detenmnation of 
silver Mercuric thiocyanate, Hg(C5yS)2, made by addmg mercuric 
chloride to a solution of potassium thiocyanate, is an insoluble powder 
which when wwshed and dried takes fire on igmtion and forms a volnmmous 
ash Pellets made from the dry powder, when igmted, form long snakc- 
hke tubes — the so called “ Pharaoh’s serpents.” Thiocyanates are used 
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for dyeing A certain amount of ammonium thiocyanate is found m the 
“ gas hquor ’ and m the “ spent osade ” of the gas Torks 

Thiocyamc acid, HCyS — This acid is made hy distilhng potasanra 
thiocyanate \nth dilute sulphuric acid under reduced pressure, and passing 
the vapour through a tube contaming calcium chloride to remove the 
vapour of water, and then through a U-tube cooled by a freezing misture 
The volatile liqmd is quickly polymerized if remov^ from the freezing 
misture When warm^ with dilute sulphuric acid hydrolysis -occurs and 
carbonyl sulphide, COS, is formed. HCyS -f HoO ~ -J- COS; whereas 

cyamc acid under simdar condition gives carSonyl oside, that is, carbon 
dioxide 


§ 6 Oxidation, and Reduction 

This IS a convenient place to recapitulate the meanmg of the above 
terms The word “oxidation” connotates the process of combmation 
of oiygen with an element or compound : and “ reduction,” the reverse 
operation, namely, the withdrawal of os^gen from an oxv-compound. 
Loss of Q^gcn by heat, as m the “ redaction ” of meronnc ovide, p 12D, 
although it results m the removal of the oxygen from meicurv, is 
not usually called reduction The ideas associated with oxidation' and 
reduction have been extended to mclude elements other than oaygen 
instance, the transformation of merounc chlonde HgCU, to mercuroufa 
chlonde, HgCl, and finally to mercnrv by the action of staMons chlonde, 
SnCL, are processes of reduction The stannous chlonde is at the same 
stannic chlonde, thus SnCL -f 2H^2 = .SnO, -i- 
fiTi t operations — oxidation and reduction — are reciprocal in 

that the oxidizmg agent is reduced, and the reducmg agent is oxidized 
^ process Jn general, powerful oxidizmg agents are readily 
^uced. and powerful reducmg agents are readily oxidized. Similarlv 
” addition of hydrogen is styled a process of oxidation ot 
of^uchon reflectively, thus, acetylene, C^a,, is reduced to ethylene 
CHi, and ethylene is reduced to ethane, hy nascent hydrogen’ 
f « an oration process biau£ ^ 

Ctedatim IS usually attended hy an mcrease m the achve valencv and 
Ruction % a decrease mthe active valency of the central atom * or as 
the xomc hypoth^ would express it, the nmnber of electncil changes’ on 

reduSon^ diminished during 

oUonde fay treatment with rtrn^5^chlSL!sr^ ^IndpT 

It is uraal to say that oxidation is a process which 
passage of a compound from a lower to a ^ ^ 

by the addition of oxygen or of £ a«d^J of oxidation, 

or radicle , or by the rmnovS S (electronegative} atom 

(electropositive) atom or radicle I^durf^n l»asic 

process of oxidation An oadizmg agent is a 
«.g«.d«: o=d,b„n as »nv=,s«Iy 
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Among the available oxidizing agents arc oxygen, ozone, the per- 
oxides, and the higher oxides os -well os the unstable basic oxides of silver, 
gold, etc , the oxy acids (nitnc, nitrous, chromic, chlono, and the other 
oxy-aoids of the halogens) and their salts the halogens (chlonno, btonune, 
iodine) , permanganic acid and its salts , potassium fern oyamde, etc 
Among the available reduang agents ore hydrogen, unstable hydrides 
(hydrogen sulphide, hydrogen iodide, phosphme, arsme, stibme, etc ) } 
carbon, carbon monoxide, sulphur dioxide, and the sulphite , phosphorous 
acid and the phosphites , hypophosphorous aoid and the hypophosphites , 
potassium oyamde , potassium formate , ferrous, stannous, and ohiomous 
salts , the metals sodium, potassium, magnesium, alumimum, eto These 
oxidizing and reducing agents have been disoussed individually in earlier 
chapters. 


Questions 

1 tVhat is the sotion of concentrated sulphnnc acid on any five of the folloiving 
substances — (a) potassium nitrate, (b) sodium carbonate, (o) charcoal, (d) potas 
Slum oyamde, (e) potassium oxalate, ( / ) potassium iodide, (p) copper ! — tSt Andrtwn 
Unw 

2 How maj potassium ferrowanide be made 1 How are tlio foUoivmg 
made from it-— potassium oyamde, carbon monoxide, potassium femovamde, 
Tumbull’s Blue ! Wnte all the equations — Untv Pennsylvania, USA 

3 Discuss any three of the following (o) The action of heat on atnmomuiu 
olilonde , (b) The displacement of zinc oy copper from a solution of a zmo sidt 
eontaming excess of potassium oyamde , (c) The alkahmty of aqueous sodium 
carbonate solution , (d) The formula of ozone — St Andrews Univ 

4 20 0 0 of a solution of hydrooyame acid mixed with excess of potash reqmre 
SO c o of deomormol solution of silver mtrnte to produce famt turbidity « bat 
per Cent m the hqmd ! — New Zealand Univ 

6 Calculate the heat of formation of hydrogen oyamde given C O- = 

COi + 90 9 cals , Hj -h O = HjO -f 08 4 oals , 2H(^ -{- SO = 200. -f H.O -1- 
hj + 319 6 cals — French Coll 

6 Name two oxidizmg agents and two reducing agents, and explam how 
wiey may be used m connection with the salts of iron Under what conditions 
does the interaction occur in each case T — Board of Educ 

^ Oaflnie methods by which the following cuprous compounds be 
obtamed from coDMr sulphate — (o) cuprous oxide, (6) cuprous ohlonde, (cl 
cuprow lij dride, (d) ^proiu oyamde, and describe briefly the appearance and 
proportics of each For what purposes is the chloride used in laboratories T 
— ^ formula, CuCl or Cu-Cl , which you assign to this substance 
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SiLICOX 


§ X Silica, or Silicon Dioidde. 

SnJCA IS one of the most important componnds m the “ half-mile cmst ’ 
of the earth. It occurs abundantly in the mmeral kingdom, and it is also 
common m the connective tissue of animals, fibres of vegetables, etc 
The so-called hesdguJir or “ diatonr»:eons earth is a mass of sihceons 
skeletons of dead diatoms. SDica, SiO^ occurs in nature free and com- 
bined vnth vanons bases to form numerous mineral sihcates. Free sQica 
occurs crystalhne and amorphous. There are three mam types of crys- 
talline shea . qfoartz, tndyimte, and cnstobahte. 

I. Quartz —-Quartz occurs in hesagonal pnsms (trigonal system) 
temunatmg in hexagonal pvtanuds. A single quartz crystal -weighing 
veiy nearly one ton -was found at Calaveras (USA) The purest -varieties 
of quartz-called rod crysial—axe colourless -with a specific gravity 2 67, 
and are hard enough to cut glass The crystals are sometimes coloured 
-with -traces of various oxides Thus, manganese oxide ^ves aneihyit 
quartz , smoby quartz probably owes its colour to tbe presence of car- 
bonaceous matter , milby quartz owes its opacitv to the presence of innn- 
merable arr bubbles. Quartz also occurs masxve m quartzite and quartzose 
sands and sandstonesare also more or less impure quartz, 
Kock crystal was one of the first crystallized minerals to attract the 
attention of the early phaosophers, and they heheved rock crystal to be 

becomes crvstal ’—A. Magnus 
(12o0) ne Greek word for ice, icjriJff-cXXor (crystallo^), has been extended 
to c^r ihe whole science of crvstals— crystaUographv Agiicola (1550) 
r^rted his belief that rock crystal is not ice, but a denser product of 

^ ^ sometimes found with hermhedraU faces mclimnff 

to the nght m some specimens, and to the left m others, and, as L. 

rWot poi^lVfo 
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to the same la\ra ” Tiio former may be called n^t-handed, and the 
latter left handed quartz As in the case of tartanc acid, indicated on 

p 616, the two crystals are enantio- 
morphic The enantiomorphism of these 
crystals is illustrated by Pig 299 

2 Tndymite — ^This is a second 
ranety of oiystalline silica which was 
discovered by G von Rath in 1868 in 
some andesitic rocks from the San 
Cnstobel mountains at Fachuca (Mexico) 
Tridymite crystallizes in six-sided tabular 
crystals b^onging to the tnobme ^stem. 
Tndymite has been found in some meteontes It is formed when quartz 
IS heated for a long time at about 1000° Hence tndymite is very 
common m silica bnoks, etc which have been heated in industnnl 
fumscas According to Day and Shepherd (1906) the transition tempera- 
ture IS abotrt 800°, so that 

fi00» 

SiOjquartz SiOoindymitc 


Tio 209 — Bnantiomorphia Quartz 
Crystals 


The transformation of tndyimte hack to quartz, below 800°, is exceedingly 
slow The velocity of the change is accelerated m the presence of ohlondcs 
of the alkab metals, sodium tungstate etc The specific gravity of tndy 
irate IS 2 33 os contrasted with 2 67 for quartz 

3 Cnstobalite — ^Tlus is a third vanety of crystalline silica which occurs 
in small octahedral (tetragonal) crystals up to about two mm. m size 
It was discovered in the above mentioned rocks at Fachuca The specific 
gravity of onstobahte is practically the same as tndymite, being nearly 
2 34 Gnstobahte crystals are formed in silica bnols which have been 
heated some time to a temperature at which quartz begins to sinter 

Amorphous silica — ^Amorphous siboa occurs in nature associated 
with 3 to 12 per cent of water m the mineral opal, which may be colourless 
or tinted yellowish-brown, etc, with iron oxide, orgamc matter, etc 
Chert, flint, chalcedony, jasper, contain more or less amorphous silica 
associated with quartz so difficult to recognize that these minerals were 
once thought to be amorphous silica They are said to be crypto- 
crystaUine — from the Greek /cptarrifs (ciyptos), hidden 

Properties of silica — Silica melts to a colourless glass — quartz glass 
— the oig'hjdrogen blowpipe The melting pomt of quartz is not well 
defined. Melting commences about 1600° Silica can be vaporized in 
the electno furnace The specific gravity of vitreous sibca is about 2 22 
The coefficient of thermal expansion of vitreous quartz is remarkably 
small nearly 0 0000005 — so that quartz gloss can be very rapidly cooled 
without cracking Por instance, quartz glass can be heated red hot in 
the blowpipe and plunged m cold woter without fracture, under the same 
ordmaiy glass— with a coefficient of thermal expansion of 
0 000008— would shatter into small fragments When heated for some 
time at about 1250°, the vitreoiis quartz passes into the ciystalhne con- 
and it ■will not then bear the sudden heating and cooling 

^ Silica is reduced by carbon in the electric furnace and forms carhorun- 
^ dum (S' i; ) , it is reduedd by magnesium to amorphous silicon Ciystalhne 
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and vitreous sdica appear to be insoluble in ivater and in all acids except 
h ydrpfltioric aci d Fused sdica is readily attacked, by_phQ.3phQno jici,d 
and "by tne alkabes Crystalline ahea is slowly attacked by aqueous i 
solutions 1)1" ‘alkaline hydroxides, and carbonates, but the a iqopihqu sl 
vanety is rapidly attacked tiihca is also attacked by superheated water, 
and a small quS 5 S^^'*iaay pass into solution The necessary conditions 
seem to prevail in deep seat^ cavities in the earth The water nsing to 
the surface is cooled, and the pressure reduced Some* of the dissolved 
silica is then deposit^ at the month of the spnng as a thick jelly This 
afterwards changes mto a hard white porous mass called geysente The 
Great Geyser of Iceland, for instance, is surrounded by a large mound or 
hillock of sihca -with a funnel like cavity from nhich the geyser discharges. 
Similar geysers occur in the Hot Springs of New Zealand the geysers and 
hot spnngs of Yellowstone Park, U S A., etc In many cases — e g the 
mineral spruigs at Yellowstone Park— the alkalmity of the water facihtates 
the solution of the sihca The alkahne sihcates are decomposed by the 
carbon dioxide of the atmosphere and the silica is deposited as geysente 
or “ sihceous sinter ” m the neighbourhood In general, the decomposition 
of the silicates by exposure to the atmosphere, or the weathenng of 
silicates, furnishes amorphous or opalme sihca 

Although chemically mactive at ordmary temperatures, sihca acts as 
a T TOverful acid auhydnde at high temperatures, combming with the bases 
angjna ny metalhc oxides to fo rm more jjr less fusible silicates The more 
fusible silicates — e,g lead siheate — are used m maldng'gfasses and pottery 
glazes Potassium and sodium sihcates are soluble m water, and the 
aqueous solution is sold as “ water glass,” and the'feohd as ” soluble glass ” 
The powerful acid character of silica at high temperatures turns on the 
fact that most of the acid anhydndes— SO3, etc — volatihze at much 

loner temperatures, and consequently, as soon as ever so httle, say, sulphur 
trioxide is displaced, the volatile auhydnde passes away and ceases to 
comjxite with the sdica for the base At loner temperatures, sulphur 
tno^de rapidly displaces sihca from the bases nhen competine under 
equal conditions 


Uses of sihca —Quartz glass is used for the manufacture of elastm 
threads to suspend the delicate parts of dectncal instruments It is made 
mto tubes, flasks, dishes, etc Sandstone and quartate are nsed for 
bmldi^ stones, grindstones, nhetstones, etc Sand or sandstone is 

or binding clay and made mto refractory bricks. 

Many Vanetie^ 
ornaments and gems Diatomaceons earth 
« or (wrongly) mfusonal earth— is used as 

o' gl«ss. dpiMmte, 


s 2 Silicic Acids ft 

If the soluble alkahne sihcates be treated witti nmiio - 1. 

gelafmou, mass caUad “s.ho.o S.d" 70^5 ^ f” 
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heating more and more ^vater is e'^pelled, thus, at 200°, about 6J per ocnt 
of •n-ater remains , at 300° about 3 per cent , and eventually, at about 
600°, anhydrous sihoa is formed The dehydration curve showng the 
\apour pressures of “hydrates” of different composition shoivs no 
“ breaks ” as would probably bo the ease if dofimte hydrates were formed 
If “ silioio aoid ” 'nhioh has boon heated to 200° bo exposed to a moist 
atmosphere, water is again absorbed, and the vapour pressure of the 
“ hydrate ” is greater than the original “ liydrate ” of the same compost* 
tion This shows that the uatcr is probablj loss firmly retained by tho 
re hydrated siIioio acid A dilute solution of sodium carbonate — say, 
B per cent — dissolves all the above mentioned silicic acids The rate of 
solution and possibly also the solubility of “ silicio acid ” is smaller tho 
higher tho temperature at ulueh tho hydrate has been heated Silica 
winch has been calcined at 1000° is dissolved uith extreme slomiess 
Natno quartz is almost insoluble in 6 per cent sodium oarbonatc, but if 
finely pondered, appreciable quantities arc dissolved in a short time 
When a solution of water glass (sodium or potassium silicate, sa}, 
NooSiOg) IS ooidified Anth hvdrochlono acid, some of the silicic acid separates 
os a gelatinous mass (hydrogel) and some remains in solution (hydrosol) 

If the solution be suificientlv dilute, the 
silicic acid mil all remain in solution along 
nith the exocss of h>droohlorio acid, and 
the sodium ohionde formed in tho reaction 
Nn.Si03 + 2HCl5=iHjRi03 + 2NaCl Tho 
hvdrochlono acid and'tho sodium ohlorido 
can bo separated from tho silioio acid by 
dialysis (Fig 100) To avoid the trouble 
of changing tho nater, tho dialjzcr illus 
tmted in Fig 300, can bo used in place of 
the simpler form Fig 100, used bj (Graham 
In the improved apparatus a current of 
water is kept circulating about the outside 
of tho dialyzing membrane The dialj'zing 
surface is also relatively great so that the operation is much quicker than 
before 

A 5 per cent solution of ooUoidal silica can be obtained os a 113 drosol, 
by dialysis This solution can be ooncentrated by boiling in a flask until 
it contains about 14 per cent of silicic acid The solution so prepared 
gelatmizes, or assumes the hydrogel condition, on standing a few da-yt 
The passage of silicic aoid from tho sol to tho gel condition is retarded by 
the presence of a little j n drocldo no ooid, or alkali h ydrox ide, and is 
accelerated b3 a littlo sodium darBOiratc — II theTslCaTsohitloh of sihcic 
aoid be allowed to evaporate vi vacuo at about 16°, a clear transparent 
jelly IS obtained which, when dried over sulphuric aoid, has approximatcl3 
tho composition H2f<i03, that is, SiO_j H^O, and it is called metosilicic 
acid An acid of the same composition has been made by dehydrating 
golatmous silicic acid ivith 90 to 96 per cent, of alcohol An acid of 
approximatoly the composition SiO, 2HnO, that is, H4S1O4, and oallctl 
orthosilicic acid, has been made by dehydrating gelatmous sdioio acid 
with absolute other, and diymg tho amoiphous ivluto iKuvdor bctuccn 
folds of filter jiapor Orthosihoic acid loses ivator on exposure to tho air 
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T.i1rft sulphurous and carbome amds, the silicic acids dissoci^e so 
readily into water and acid anhydride, SiOj, that there “ , 

about the existence of definite hydrates Indeed, it is genera y _ , 

that the water is not “ chemically combined ” with the silica, p 774 The rea 
existence of the definite hydrates just indicated is thus o^n to 
The fact that the powders prepared by the piocesses just inioat^ 
approximately a composition corresponding respectively with oiUj xia 
and SiOo 20,0 i«i attributed to chance Be this as it may, a large number 
of compounds of sihca with the bases — silicates — are known, aPd a large 
number occur m nature as definite minerals , and many others have been 
prepared artificially These salts can be referred to unknown silicic acids 
If a 1 per cent aqueous solution of sodium silicate be decomposed 
by hydrochlonc acid two kmds of silicic acid may be obtamed (^silicic 
acid not precipitated by a solution of egg-albumen, and ^-silicic acid which 
18 precipitated by the same treatment The p-acid is converted into the 
B-acid by warming its aqueous solution Solutions of alkaline sihcates 
of the type R4S1O4, RaSiOa* g^^e solutions of the a-acid, and 

ordinary water glass, or the sihcate, Na2Si409, give the ^-acid. Osmotic 
pressure phenomena indicate that the molecular weight of the 0-acid 
approaches 49,000, and it is accordingly inferred that the molecule is very 
complex 

§ 3 The Silicates 


Starting with orthosihoic acad, H4S1O4 or Si(OH)4, this is supposed to 
pass into metasilioic acid, HjSiOg or SiO{OH)2, by the loss of one molecule 
of water These acids correspond respectively with the ortho- and meta- 
silicates Ethyl orthosilicate, Si(OC2H5)4, is formed by the action of 
alcohol on alicofluoroform, &HF3 Among other orthosilicates, we 
have 


HO 

HO 


>Si< 


OH 

OH 


NaOv^n ^ONa 
NaO^^^ONo 


Zn<0>Si<g>Zn 


Orthosihcio acid Sodium orthosdicat© Zinc ortliosihcnte (wiUemito) 

Other well defined orthosilioates are ohvine, Mg2Si04 zircon (zir- 
conium quadrivalent), ZrSi04, etc Among the metasilicates 

|g>Si=0 |o>S^=0 Ca<g>Si=0 

Metasilioic acid Potassium metasilioate Calcium metosilicate (wollastonito) 

as ivell as enstatite, MgSiOg, etc Two molecules of orthosihcio acid may 
be condensed mto one molecule of orthodisilicio acid, HjSigO^, and lionce 
we obtain a senes of orthodisihcates 



/OH 

SieOH 

^OH 


S<S>MS Xg>Pb 

/o>^ o>'^^ 


Orthodisilicio acid Magnesium orthodisilieate Lead orthodisdicato 

(scjpeatine) (barysilite) 

Similarly, by the loss of one molecule of water between two molecules 
of metasihoio acid, the two molecules of the meta acid can be condensed 
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to one moleonle of jnctodisilioic aoicl, HoSioOr, Corresponding metiidi- 
Bihoates are Mell known Similarly, ortho and meta trisilicic acids can 
be derived from three molecules of the respective acids In addition to 
these silicates, hydrated, acid, and basic silicates are knmvn Many of 
the double silicates of aluminium and the bases are best referred to un- 
known alumino silicic acids as indicated later The system used in naming 
the silicates just indicated is convoracntly summanzod in Table L^^I 


T viii F LVII — Naming tiif Sii lOATts 


Name 

Hypothoti 
cal acid 

Silicate (R'l 

Mono 

Di 

[ 

Polj- 

Alotn 

Ortho 

Pnrn 

H.0 SiO- 
2H.0 SiO- 
3H 0 SiO. 

n-O SiO. 
2R,0 SiO. 
2R.0 SiO. 

R 0 2SiO. 
2R 0 2SiO: ' 
3R 0 2SiO- ' 

1 

R.0 3SiO- 
2R-0 3SiO- ' 
lR-0 ISiO. I 

1 

R-O nSiO 
2R.0 nSiO- 
1 R.OmRiO 

1 

1 


Since wo really know little more than the empirical formula) of most 
of the silicates, the numerous attempts which haio been made to classih 
the different silicates arc more or less tentative, or spcoiilativc The alka- 
line silicates are soluble in water, forming the so called soluble glass , the 
other silicates are not usually soluble in waiter Manj of the simple 
silicates are attacked by hydrochloric acid, particularly if thej have been 
roasted ot a dull red heat The silicic acid then separates as a gelatinous 
mass Tlic msohiblc silicates arc usuallv brought into solution for analysis 
by fusion with sodium carbonate, and the cold “ cake ” broken down bv 
treatment with dilute hydrochloric acid When the solution is evajiorated 
'^to drvncss, ncarlj all the silica separates in a form insoluble in dilute 
hydrochloric acid 

Tlie formation of motallic silicates is well illustrated bv n familiar e’cponment— 
stlica garden fWilitro beaker is flllcd with a solution of sodium siliento (sp pr 1 1) 
and orjstals of, snv, eobalt nitrate cadmium nitrate copper sulphate, ferrous 
sulphate, nickel sulphate innngoneso sulphate zinc sulphate, etc , arc allowetl to 
fall into the beaker so ns to rest on different parts of the bottom Tlio whole is 
allowed to stand overnight in n quiet place, when plant like shoots are obtained 
w hioh have a form and colour oharaotenstio of each inetol 


§ 4 The Aluminosilicates 


Certam compound silicates of aluminium with other bases appear to 
be “complete” aluminosilicates no more closely related to the silicates 
proper than the ferrocyanides are related to the cyanides Just os it is 
convement to refer the different silicates to more or less hv'pothctical 
mhcic acids, so it is often convenioiit to refer man^ of the compound 
silicates to hypothetical aluminosihoic acids 


Alumino monosihoio acid 
Alumino disihcic acid 
Alumino tnsihcic acid 
Alummo tetrOsihoio acid 
Alummo pentosihoio acid 
Alumino ho\asthoic acid 


A1 Oj SiO- nH-O 
A1.0, 2SiO- nH.O 
Al-Oj 3SiO- nS*0 
A1 O] 4SiO> iiH-O 
Al-Oj CSiO- tiS«0 
A1 Oj OStO- nH.O 
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Thus, kaolinite, AljO, 2S1O2 2H2O, appears to be an alnmino-disilioio acid , 
anortliite or lime felspar CaO AljOg 2SiOo, the calcium salt of a similar acid, 
etc Graphically, ivith the system indicate on p 636, alumimum a tnad, 
silicon a tetrad 


HO- ^0 Si 0- 
H0>-^a<^0 Si 0^^ 

HO OH 

Kaoluute 


« ^0\ ,, ^0 Si 0- « 
Si 0^^ 

0 

Anortbite 


With natrolite, Na^O AI2O3 SSiOj, and leucite, K^O AlgOg 4SiOo, we have 
salts of aluminotn* and aluminotetra-nhcic adds respectively 

S.0<g>^,<0|0>0 
NaO ONa 

Natrolite 


Q^SiO 0\^ ^0 SiO-- Q 
^%0 0^^2^0 SiO^^ 

KO OK 
Leucite 


^4 


Potash felspar, KoO ALOg OSiO,, is regarded ns the potassium salt and 
the emerald the beiylhum salt of an aliimmo-hevasilicio acid 

0 Si 0^^ ^®^0 Si 0 Si 0 0>®® 

0 0 0 0 

0 Si Si 0 0 Si Si 0 

0 0 0 0 

KK V 

Be 

Fotoali felspar, or orthoolnse Emerald 

Weathenng of rocks — ^When potash felspar and many other natural 
aluraino-sihcates are exposed to certain natural influences, they are finally 

converted into insoluble vrhite crystalhne or amorphous (colloidal) powdei 

clay, and other matenals. The more important agents which facilitate 
the decomposition and diantegrafaon— weathenng— of the alumimum. 
sdie^s are (1) 'Volcanic gases (steam, hydrofluono acid vapours, etc ) 
(2) Water draimng from peat bogs, and coal beds This imter contains 
orgamc acids in solution (3) Spnng or ram water contat&ng carbon 
diosde, etc, in solution , As indicated above, the decomposition of 
silicates exj^sed to similar agents apparently furnishes colloidal silica— 
e.g opat Hence, the weathenng of the alummo-silicates furnishes 
clay in a more or less colloidal condition 

Foimation of clays —The early stages of the decomposition— weather- 
foLn “ mdioated by the apparent clouding of the crystals of 

felspar, the felspar becomes more and more opaque, and finally dis- 
inte^tes CoMequently, gramtio rocks, with felspar as a matnx, Pjg 2 
Asmtegrafe and leave behind the clay mixed with the more or iS^stant 
vaneties of mic^quartz, and other mmerals which ongmally formed the 
gamtio rock The clay may be leached by streams water Sm Jhe 
place where it wm formed, transported from the hills, and deposited afe 
lowei levels All kinds of debns from the rooks and soils, etc over wbieb 
the clays are earned may be transported along with the elav WnLTS ^ 
clays are usuaUy, but not alwaw leS 7 Transported 

olaya The resid^l claj s forme/by the ^the^ ^th?SteiSS 
gremfic rocks, after an elaborate process of wasSg anS seUhn^S 
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white china clay, which has very nearly the empirical composition 
AI 2 O 3 2 S 1 O 2 2 H 2 O China clay is often called “ kaohn,” generally outside 
the industry The object of the washing is to separate the china clay 
from the unweathered quartz, mica, etc 

Pottery and bricks — ^The term clay is apphed industrially to a fine 
grained mixture of various minerals which has these qualities (1) It 
IS plastic enough to be moulded when it is ivet , (2) It retains its shape 
when dned in spite of a certain amount of contraction , and (3) When the 
moulded moss is heated to a lugh enough temperature it smters together 
fomung a hard coherent mass without losmg its origmal contour These 
properties have given clays an important place — probably third or 
fourth — in the world’s industries Clays are used m the manufacture of 
biiildmg bricks, tiles, firebricks, crucibles, gas retorts, samtaiy goods, 
pottery, etc , china clay is also extenavely employed for filling paper, 
cotton, etc 

British pottery is generally made from an intimate mixture of white 
burning clay, with fimt or quartz, and felspar or Corrash stone The 
mixture is moulded mto the desired shape, dried, and fired between 1000® 
and 1200“ according to tlie land of ware being made This forms the 
so called “ biscmt ” body A fusible mixture — contammg lead boro 
sihoate, clay, felspar, etc , ground together to form a “ shp ” with water — 
IS then spread over the surface of the “ biscuit body,” and the whole is 
refired to 900“ or 1000“ The melted mixture covers tlie surface of the 
“ body ” with a glas^ film or “ glaze ” There are many modifications 
The ware may bS decorated by pamting coloured oxjdes on the biscmt body 
before glozmg , or by pamtmg fusible enamels on the glaze and refiling , 
or the glaze itself may be coloured witli ^ifitable oxides Glaze and body 
may bo fired m one operation with or without a preliminary baking of 
the body There are also considerable vaijations m the composition of 
the body and glaze The chief varieties of pottery are “ earthenware ” 
— ^made from white bunung clays, Cornish stone, and fimt , “ hard 
porcelain ” — ^made from clays, feltpar, and quartz — ^with or without a little 
lime , “ bone cluna ” — ^made from bone ash, clay, and Cornish stone , and 
the commoffCr varieties of pottery made from special mixtures — often 
local clays glazed with a mixture contaimng galena, etc Dram pipes are 
also made &om local clays, which bum a buff or red colour, and glazed 
by throwing salt mto the kiln The salt decrepitates, volatilizes, and the 
vapours attack the surface of the clayware, covermg it with a gloss hke skin 
— salt glaze Tobacco pipes (unglazed) are made from sihceous clays, that 
18 , from clays contammg more or less finely divided sihca Eirebrioks are 
made fronurefraotory clays wluch soften at about 1050“ The refractory 
clay IS moulded by hand or machmerv, and fired to about 1100“-1200“ 
Common buildmg bricks are usually made from less refractory clays 
fired at a loiver temperature 

Ultramarme — Occurs m nature os lapis lazuli, a blue, green, or violet 
coloured orystalhne mmeral It is considered to bo a sihoate of alummium 
and sodium with some combmed sulphur But its coilstitution is by no 
means understood Artificial ultramarme is a blue pigment mode by 
calcming a mixture of chma clay, sodium carbonatq, charcoal, and sulphur 
in thO absence of au The green product is washed with water, dned, 
mixed with sulphur, and again roasted m air until the mass has aoqmred 
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the required tint ‘Dltramaline is decomposed by acids with the evolution 
of hydrogen sulphide It is used for neutralizing the yellowish tmge of 
sugar, cotton and Imen goods, and m the laundi^ It is also used as a 
blue pigment 

Glass — ^As previously mdicated, glass is a solidified underoooled solu- 
tion of several sihoates — ^most commonly potassium, calcium, and lead — 
and IS made by fusmg together a mrstuie of clean sand, limestone, or 
whiting or hme, sodium or jKitassium carbonate, and lithaige or red lead 
m the nght proportions Traces of manganese dioxide or selemum are 
sometimes added to neutralize the yellow or green tinge due to the presence 
of ferrous or feme oxide present as impurity m the mgredients used m 
makmg the glass The mixture is melted m fireclay pots, and when the 
molten mass has cooled to the nght temperature, a portion is collected at 
the end of an iron tube and brought to the desired shape by foromg it mto 
a mould, or blowmg mto the tube and twistmg or swinging the plastic 
mass of glass as required Details of the procedure vary with the par- 
ticular objects bemg made Bapidly cooled glass is bnttle and hable to 
fracture, hence the glass is annealed m an anneahng kiln where it can be 
cooled as slowly as desued If cooled too slowly the glass devitinfies, t e 
crystallizes, p 167 

Wmdow glass is a soda-lime silicate This type of glass is sometimes 
called “ soda-glass ” or “ soft glass,” and it is used for malang chemical 
glass ware iniidou) glass, plate glass, and glass for table ware, and bottles 
are also made from the same constituents m different proportions and of 
different degrees of punty Bohemian glass is a potash-lime sihcate, 
It 18 a hard glass and fuses only at a high temperature, hence it is used 
for makmg chemical apparatus designed to withstand high temperatures 
It also resists the solvent action of water better than soda glass Jem 
glass and Bohemian glass are varieties of potash-lime glass FltrU glass 
w a lead potash sihcate It is lustrous, and refracts hght much better 
than other types of glass It is used for makmg lenses for optical purposes. 
Some vaneties are made mto artificial gems and ornamental glass Cut 


— V/XAlCbiiidi 

is a vanety of lead glass which is ground or “ out” on emerv or 

f admixtures, metalho oides 

added to colour the glass Translucent or white gloss is made by 
the addition of bone ash, or fluorspar, or cryohte Bonc acid is also used 
m the manufacture of gloiss with a high refractive mdex 

§ 5 Carbon and Sdicon Halides 


shaH see, later on, that the elements carbon, silicon, gennamum 
hav^ fa^y telabonship Th^ an form halr&'So 


We shall 
tm, and ! 

CF„ CCl^ etc 
temperatures, and boil 

CCh S1CI4 ' GeCli 

76“ 69 6“ 86“ 

p - * . . - **“ " '*o««uijjuaea wnen Heated 

1 f 

«U0„a. m mado bj tfao dmoef^on of floo.S^’Ta a^rph^^aS; 


SaCI« 
113 9“ 


. PbCl4 
oecompoaes when heated 
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Carbon iluondc, it may be added, is made by the direct action of the 
elements feihcon iluonde is also made by the action of hydrofluoric acid 
upon sihoa or on a sihcate — c g glass SiOj + 
2 H 2 O + Sil'4 The other fluondes of the family 
mdicated above can be made by the action of 
hydrofluoric acid on the elements Sihcon tetra- 
fluonde is usually made by t he act i on of h ydroflqpng 
acid derived from a miflure of calcium Jhionde 
and sulphuric 'acid ilpbn~silicir “ Hie mixture is 
heated in a" flask— illustrated m Eig 301 — ^fitted 
with a safety funnel contaimng mercuiy An excess 
of sulphunc acid is used to absorb the water formed 
dunng the reaction 

Properties of sihcon fluonde. — Silicon tetra 
fluonde is a colourless gas with a pungent odour 
rcsembhng hydrogen chloride The density of the 
gas IS 104 2 (oxygen =* 32) This corresponds with 
Sihcon tetrafluonde condenses to a colourless liqmd at 



Fig 301 — Preparation 
of Hydrofluosilicic Acid 


the formula S 1 F 4 

—100® under atmospheno pressure , sohdifies at —97° and melts at — 77° 
It can be sublimed without liquefaction at — 00° Gloss is not attacked 
b} dry sihcon tetrafluoride If the gas bo passed over heated potassium it 
IS decomposed with the separation of amorphous silicon S 1 P 4 + 4K 
= Si-f 4KF 


Hydrofluosilicic acid, H^SiF^ — ^If silicon tetrafluonde be passed mto 
uater, it decomposes, gelatmous silicic acid is precipitated, and hydrogen 
fluonde is formed S 1 F 4 + dH^O = Si(OH )4 + dHF The hydrogen 
fluonde immediately combmes with a molecule of sihcon tetrafluonde pro- 
ducing an aqueous solution of hydrofluosilicic acid The whole reaction is 
wntten 3 S 1 F 4 + dHjO = Si(OH )4 + 2H j&iEo In order to prevent the 
choking of tlio dehveiy tube by the separation of sihcio acid when the 
sihcon tetrafluonde is passed into water, it is well to let the dehvery tube 
dip below a little mercury', a. Fig 301, placed at the bottom of the vessel 
of water The aqueous layer is frequently stirred to prevent the formation 
of channels of silicic acid through which the gas can escape mto the 
atmosphere without commg m contact with the water This is a good 
method of makmg hydrofluosilicic acid The silicic acid is separated 
from the aqueous solution by filtration , the aqueous solution cannot be 
concentrated very much by e/aporation because it decomposes mto 
silicon tetrafluonde and hydrogen fluonde A sohd hydrate HoSiEs 2 H 2 O 
has been prepared 

Hydrofluosihcic acid reddens blue litmus, and it is neutralized by 
the bases forming salts, fluosihcates. For mstance, with potassium 
hy droxide, it forms potassium fluosihcate 2KOH -f- HjSiFt = K 2 S 1 F 5 
-j- 2 H 2 O Hero the ion SiFg' behaves as a bi valent amon Most of the 
fluosihcates are fairly soluble m water, but the potassium and banum 
fluosihcates are dissolved with difficulty Hence the use of hydrofluo- 
silicic acid in testmg for banum salts, and m the estimation of potas- 
sium Hy drofluosihcic acid is used for givmg wood a stone like surface, 
TJic wood IS hrst soaked m lime water and then treated with hydro- 
fluo^ihcic acid The acid is also used m the paper mdustry, and as an 
antiseptic m mcdicmc « 
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Silicon tetrachloride, S 1 CI 4 — We have seen that carbon tetrachloride, 
CCI 4 IS the final substitution product of methane, p 693, or of carbon 
disulpbide by chlorme Gennamum. and tm tetracblondes — GeCl^ and 
SnCl 4 — ate made by the action of chlorine on the elements, and lead tetra- 
chloride, PbCl 4 , by the action of chlorine on an hydroohlonc acid solution 
of lead dicUonde ^/Carbon tetrachloride cannot be made by the direct 
action of chlonne on carbon, but silicon tetrachloride can be made by 
heatmg sihcon or sihcon carbide, or an mtimate mixture of carbon and 
sihcon dioxide m a stream of chlonne SiO® + 2 C + 2C512 = S 1 CI 4 + 2 CO 
The liqmd which condenses can be freed from the excess of chlonne by 
sbakmg it with mercury, and redistilling The colourless funung, liquid 
so obtamed fumes m moik; air It has a vapour density and composition 
correspondmg with S 1 CI 4 It thus resembles carbon tetrachlonde Sihcon 
tetrachlonde boils at 58 3° and freezes <at —89“ , carbon tetrachlonde 
boils at 76° and freezes at —30° . '^Silicon tetrachlonde is decomjioscd 
by water mto sihcio and hydrdchlonc acids S 1 CI 4 + SHoO = B^SiO^ 
-f 4HC1 Carbon tetrachlonde is not acted upon by waW while the other 
chlondes of the family are decomposed m dilute aqueous solutions if hydro- 
chlono acid be absent Sihcon tetrachlonde combmes with ammoni% 
formmg sihcon tetranude, Si(NH^) 4 , and ammomum chlonde S 1 CI 4 
-{- 8 NH, = 4 NH 4 CI -f Si(K ^)4 This compound when heated forms 
sihcon (himide, Si(NH)o, and sdicon nitnde, S 13 N 4 

If the vapour of sihcon tetrachlonde be passed through a hot tube 
containmg silicon, sihcon hexachlonde, SijClg, is formed 3 S 1 CI 4 + S 1 
= 2 Si 4 CIg Sihcon hexachlonde is a mobile fummg hquid boihng between 
146° and 148°, and freezing at — 1 ° Sihcon hexachlonde dssociates 
when heated to 360° 2 Si 3 Clg ^ Si 3 S 1 CI 4 , and the dissociation is prac- 
tically complete at 800° H, however, the sihcon hexachlonde be rapidly 
heated to 1000 °, it has not tune to dissociate to any great extent m pegging 
through 350° to 1000 ° and the compound is stable above 1000° Alhed 
phenomena have been previously stuped, pp 184, etc 

Perchlorethmie, or carbon hexadilonde, CjClg, is analogous with 
sihcon hexachlonde , the former boils at 187°, the latter at 147° The 
relations of the two are shown graphically 


/Cl .01 

Silicon hexachlonde Carbon hexachlonde 

Sihcon hexachlonde is hydrolyzed by water formmg sihco-oxahc acid 
Si 2 H 204 . analogous with oxahe acid, CJBUO* The relation between these 
two acids IS mdicated graphicolly 

0=Si-0H 
0=Si-0H 

Sihco-oxnhc acid 

TOe compoun^ Sia^g and CaClg are known , the former boils at 212 ° 
the latter at 269 . ^con ootochlonde is hydrolyzed by water, furmslmur 
sihoo meMxahc acid, Si 30 j(OH) 4 , analogous with mesoxahe acid, CaO-fOHlf 
grapmoally • ^ 


0=C-0H 

0=C-0H 

Oxaho acid 


0=Sl-0H 

HO-Ri-OH 

0=Si-0H 

Silico mesoxahe acid 


0=C-OH 

HO-C-OH 

0=C-OH 

Mesoxahe acid 
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Several other halogen compounds of sihcon arc known When sihcon 
heated to redness m a current of dry hydrogen chloride, or when the 
gaseous products of the action of hydroohlono aoid on copper bilicid^Ato 
cooled by hquid air, a compound — sihco-chloroform, & 1 HCI 3 — ^is formed,' 
hoihng at ^*^'The correspondmg compound of carbon — chloroform, 
CHCI 3 — ^boils at 81 ° , and the correspondmg compotmd of germanium, 
G 0 HCI 3 , boils at 72° Although chloroform is not hydrolyzed by iratcr, 
sihco chloroform with ATOter forms leucone, SiH{OH) 3 , alw called silico* 
formic aad The correspondmg carbon compound is not known 
Louedne IS somewhat imstablc, for it readily loses water, fonmng the 
compound HoSijOg, which is called silico-formic anhydnde 

2H-s40H=3a,0 + 5“g‘>0 
^OH ' H-Si'^O 

When heated, siliooformic anhydride breaks down into sihcon, hydrogen, 
and Bihca 2 H 0 S 12 O 3 = Si + 2 H 2 + 3 S 1 O 2 Probablj this reaction means 
that sihcon hydnde, S 1 H 4 , and sihca are first produced, and that the former 
decomposes at once mto its elements A compound sihcofluoroform, 
& 1 HP 3 , can be made by the action of silicochlorofomi on stannic fluondc, 
SnF^ It hoils at —80 2°, the correspondmg carbon oompoimd— fluoro- 
form, CHF 3 — boils at 20 ° 


§6 Silicon 

History —Sihcon does not occur free m nature, but, as mdicatcd in 
our study of silica, numerous oxjgea compounds are known The process 
of manufactunng glass from sibcates has been known from ancient tunes, 
and J J Becher (1669) believed that these silicates contamed a x^uliar 
earth which he called terra vilrcsoibilis (vitnfiable earth) , this is now called 
" silica ” It was known m the seventeenth centiuj’^ that Becher’s vitn 
fiablo earth does not fuse ivlien heated alone, and that a fusible glass is 
formed when it is heated with other earths 0 Tachemus (1660) noticed 
that the vitnfiable earth had acid rather than alkalmo properties , K W 
bcheele (1773) showed it to haA e the charactenstics of a refractoiy acid , 
and J L M Smithson (1811) considered it to be an acid rather than an 
^vatoe earth J J ’Berzelius prepared amorphous sihcon m 1823 , and 
it St C Doa lUe prepared ci^stallme sihcon m 1854 

Amorphous sihcon. This can be made by hcatmg potassium or 
somum atmosphere of sihcon cHondc or sihcon fluonde SiF, -f dK 
— Si + The broAm mass so formed is Avashed Avitli Avater and hA dro- 

fluonc acid, heated at a duU red heat, and finally washed and dned It 
IS also formed by heatmg a mixture of sodium or potassium fluosihcate 
- mthmetelhc potassium K^SiFe + 4K = Si + 6KF The brown mass 
IS cleaned as before Quartz is reduced to sihcon when it is mtimately 
^ mixed Anth magiiesium powder and heated SiO- + 2Mg =>Si + 2McO 

£rra^^°^>W f amorphous powder with a spwafio 

at about 1600°, and volatilizes m the electno arc 

protects the 

S complete oxidation Sihcon igmtes m chlormo at about 

460 , and bums to sihcon tetrachlonde If sihcon be heated with hydrogen 



SILICON 


'783 


cWonde, free hydrogen and silicon tetrachlonde are formed Si + 4HCI 
= S 1 CI 4 4- 2 H 2 (c/ p 93) Silicon is insoluble m water and most aoi^ , but 
it* dissolves m hydrofluoric acid formmg hydrofluosilicic acid Si + SHF 
= 2H„ + HjSiPe When boded with alkalme hydroxides it forms hydro- 
gen and alkaline sihcate as indicated on p 93 ^ 

Ct 3 rstallme silicon — Crystalhne sihcon is made by dissolving sihcon 
in molten metals, and on coohng, part of the sihcon separates from the 
solution in a ciystalhne condition By passmg a stream of sihcon tetra- 
chloride vapour over alumimnm previously melted in an atmo^here of 
hydrogen, the volatde aluminium chloride passes on, and t^%hoon 
hberatcd by the ‘reaction SSiCI, -f 4A1 = 3Si -f 4 AICI 3 , diM^fes in 
the molten alumimnm As the molten aluminium cools, silicon separated 
m long lustrous crystals The aluminium can be separated by treatment 
with hydrochlonc acid Crystalhne silicon is also made by heating a 
mixture of potassium or sodium sihcofluonde, or powdered sihca with an 
excess of alumimum 4A1 aK^SiFg = 3Si •+• CKF + 4 AIF 3 The 
sihcon dissolves m the excess of molten alumimum The cold solution is 
treated with hydrochlonc acid to remove alumimum, and with hydro- 
fluonc acid to remove sihea Sihca is reduced when heated with mefcalhc^ 


magnesium SiOj -f- 2Mg = 2]lIgO -f- Si , if an excess of magnesium he 
employed, magnesium sdicide, Slg^i, is formed Both it and magnesium 
oxide can he removed by treatm^t with hydrochlonc aoii Ckystalhue 
sihcon has been made commercially by heatmg quartz with coke m the 
eleotnc furnace SiO^ -f 20 « 2CO -f- Si K too much coke be used, 
carborundum is formed Sihcon so prepared is sold m metalho-lookmc 
lumps and used in the manufacture of alloys 

(^stalhne sihcon forms dark grey opaque needle like crystals or 
octahedral plates (cubic ^stem) It is hard enough to scratch glass 
Its specific gravity vanes between 2 34 to 3, accordmg to the temperaturo 
to which it has been heated It bums when heated m chlonne and fires 
spontaneously m fluonne Sihcon is msoluble m acids, but dissolves m a 
mixture of mtno and hydrofluonc acids It melts about 1500°, and distils 
in the electno furnace Crystalhne sihcon shgbtly conducts electncitv 
amorphous sihcon does not Chemically, crystalline silicon resemblS 
amorphous sihcon, l^it is not so active Sihcon^combmes with mtrogen 
Wng sihcori mtnde, and also with the metals, formmg sihcides’ 
Sfiomcon is the trade name for a greyish-green granular powdei 
fOTumd by heatmg a mixture of sihca with carbon to about 2000 '’ m 
an efeotiic furnace It vanes in composition between Si^C-O and 

to bn«fe, 

iR carhM sihcide, carborundum— SiC —This compoimd 

IS made by fusmg a mixture of coke and sand m an elect™ 
fumace^timated temperature 3500° The furnace is a 

some^o maKe 

porous, is packed about the carbon core ^ 

walls of loosely packed bneks The fumace^S^t Y 
moboaUj, „ Bg 302 A 
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the charge The change which tahra place is represented by the symbols 
S1O2 -I- 3C SiC + 2CO The operation is over m about eight hours 

The furnace is then allowed to cool , 
the side nails are removed, and the 
silicon carbide removed The best 
grades are found nearest the core 
The product is crushed and treated 
with sulphuno acid to remove im- 
punties , it IS then waslied, dned, 
and graded accordmg to size 

Carborundum ciystallizes m hes- 

' transparent and colourless, or vary 
■” ‘n't 

or black The latter varieties are 
most common The specific gravity is 3 2 It is not attacked by acids 
— =6ven hydrofluonc acid It is decomposed bj' fusion with alkahne 
hydroMdes It is nearly as hard as the diamond, and accordingly is 
largely^used as an abrasive powder and made into nhet stones, hones, 
grmding^vhecls, pohslung cloths, etc It is also very refractory, and 
when mixed with clay has special uses os a refractory material for protect- 
ing furnace walls, etc 

Atomic weight — ^Kie atomic weight determined by the analysis 
of sihcon tetrachloride", ^silicon tetrabromide, etc , by different experi- 
menters, lies between 27-95. and 28 38 , the best representative value is 
taken to bo 28 3, if oxygon bo 10 , and this number corresponds with the 
molecular weight deduced from the vapour densities of the volatile com- 
pounds of sihcon by Avogadro’s hypothesis Dulong and Petit’s rule 
does not apply so well unless the specific heat be taken at 300% 
0 2032 


§ 7 Hydrogen Compounds of Silicon 

There are three compounds of sihcon and hydrogen sihcon-methanc 
or gaseous silicon hydride, SiH^, correspondmg with methnSie, CH, , sihco- 
ethane or hqmd sihcon hydnde, SioHo, correspondmg with ethane, C-H- 
and sihoo acetylene or sohd sihcon hjdnde, SijS,, correspondme mtll 
acetylene, C2H3. ^ b 

Sdico-methane, SiH^, or sihcane —Tins gas is most convomently made 
by the action of concentrated hydrochlono acid on magnesium sihcide ^ 
whereby hydrogen gas containmg 4 or 6 per cent of sihcane and a trace of 
sdioo ethane is forn^d The latter is spontaneously inflammable m air, 
the former is not Hence the gas prepared by the above desenbed process 
bv'^^c inflammable mAir This property can be illustrated 

T ^ employed with^phospbrne. Pig 217 The hydrochlono 
acid IS plwed m the flask, and^the flask is filled with hydrogen gas , the 
oi^nt of hydropn 18 shut off, and the magnesium sihoide is dropped 

bubbles of gas igmte as they rise to the surface of the 
water, fomung nngs of silicon dioxide 
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By passing the dned gases from the magnesium sihoide and the acid 
through a tube surrounded by liquid air, both the S1H4 and the Si2H(; are 
condensed to liqmds By fractional distillation of the condensed mass 
at —10°, sihco-methane is obtamed as a colourless gas, not spontaneously 
inflammable at atmosphenc pressure, but inflammable m air if'shghtly 
wanned or subjected to reduced pressure Sihco-methane bums with a 
bnght flame, formmg sihoa and water S1H4 -f- 20^ = SiOo + flHgO 
lYhen passed mto allmhno solutions it decomposes, formmg al&ihne sili- 
cates and hydrogen S1H4 + 2KOH -f- HgO = K2S1O3 + fflo The gas 
hquefies at —11°, and so solidifies at about —200° When heated'' 400° 
It decomposes mto its elements, amoiphous silicon and hydrogw S1TI4 
= Si-{-2H2 ^ 

Silico-ethane, SijjBc — ^Hydrogen sihcide remams as ^ hquid when 
the sihco-methane has been distiUed from the hquefied gases obtamed by 
the action of hydrochlonc acid on magnesium sihcide, as descnbed above 
It is a colourless hqmd, boihng at 52°, and solidifymg at —138° It can 
be heated to 100°, m the absence of air, without decomposition , but 
200° it decomposes mto its elements hydrogen and amorphous sihcon 
SigHg = SHj + 2Si It IS spontaneously mflamraable in air, burning to 
water and sihca Lihe sihco-methane, this compound reacts vigorously 
with free halogens 

Silico-acetylene, Si^Hj — Solid sihcon hydnde is said to be formed 
when calcium alicide ^ is decomposed by hydrochlonc acid CaSi^-f- 2HC1 
= S12H2 -f CaClj It is a yeUow crystalhne solid The hydndes of 
sihcon are not very stable lake many of flie'othei hydndes, they act 
as reduemg agents Thus sihco-methane reduces silver mtrate with the 
separation of silver and sihcon 810:4 + ^AgNOg = 4HNO3 -f 4Ag -f Si 
Copper sulphate is not so easily reduced as silver mtrate, and a compound 
of copper and silicon— copper sihcide— CiigSi, is formed 8104 + 2CuSO 
= Cu^i -f 2H2SO4 The more stable methane does not act like sihco- 
methane Acetylene, it will be remembered, forms acetyhdes or car- 
bides with silver mtrate and copper sulphate Many of the less stable 
hydndes— hke sihcon hydnde, hydrogen sulplude, and hydrogen iodide 
—^uoe rn virtue of the^hydrogen hberated durmg their decomposition 
other hydndes reduce by the direct oxidation of their elements Thus’ 
wth arsenic hydnde and sdver mtrate, as previously descnbed, arsemou^ 
acid and silver are formed durmg reduction 


Questions. 

treated m os to reMve^^ further 

arsenic IS on amphotenc element t—PrzncLn^mv , we that 

sihcon wth hydrogen^‘*^th*ddorme,^d^th compounds of 

sihcn, and converted mto sihca X—Sheffieid Umv chloride be obtained from 
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1 Compare and contraat tlie elements carbon and sibcon by a discussion of 
their analogous inorganic compounds — Sheffield Unit 

5 Explam the meamng of the term “ nnlij dnde ” Dcsonbe the preparation 
of sulphur dioxide, obromium tnoxide, and silicon dioxide, and the experiments 
bynmch you i^ould prove each to bo an onlijdndo — London Vmv 

0 ^^^lat IS the composition of felspar, calcspar, fireclaj, and fluorspar ? 
From winch of these and bj nhat process could you produce sihca T — Board of 
Bduo 

7 Orthoclose felspar has the composition K-0 AljOj OSiO* Explain the 
‘methods by wluoh the following substances could be obtained from it in a state 
t-ipf jiUrity t alumina, potassium chloride, potash alum, sihca — Board of Educ. 



CHAPTER XLI 


Tik, Lead, A^^) some Related Elemekts 

§ X. Germamum. 

Is 1885 Weisbach discovered a silver nuneial — atgyrodile , — a mine at 
Freiberg (Saxony) 0 'Winlder analyzed the mmeial, but found his 
analysis to be about 7 per cent too low 

Silver Sulphur Ferrous oxide Zmc oxide Mercury Total 
74 72 17 13 0 66 0 22 0 31 93-04 

Winkler traced the discrepancy to the presence of 6 93 per cent of a 
new element, precipitated as sulphide m the “ hydrogen sulphide group ” 
This clement he called germanium from the T.n t,m name Germania The 
new element proved to be bi- and quadn-valent The compounds corre- 
spondmg with bivalent germamum resemble the compounds of sihcon 
and carbon , and compounds corresponding with quadrivalent germamum 
resemiblo tm and titamum compounds iTQie analysis andvKp tn n- densAy 
of germamum tetrachloride correspond with an atoimc weight 72 6 (osygen 
— 16) This number agrees rougjily with the atomic weight calculated 
from the specifio heat 0 08 by Dulong and Petit’^ rule ITeglectmg the 
small admixtures of iron, zmc, and mercury, the Analysis of aigyrodito 
thus corresponds with SAgoS GeSj. 


§2 Tm . 

History — Discovenes of tm in Eg 3 fptian tombs show that the metal 
was fairly common m olden times It is not ceilAin if the Hebrew word 
“bedil” in the Pentateuch, translated by the Greek word Koa-ertrepos 
(cassiteros), and by the Xu^n word slamium, really means tm. The 
word ‘ stannum ” appears to have been used by the Romans to designate 
ce^m alloys containmg lead. It is not certain whether the Phoemcians 
iu ^ Ind.a, Britain, or Ibena The resemblance between 

the Sanscrit word “ castira ” and the Greek “ cassiteros ” has been used 
^ an argument m favonr of the Indian ongm of Phcemcian tin Plmv 
stat« that cassiteron ’ was obtamed from " Cassitendes (Bntish Isles) 
m the Atlantic Ocean ” This no doubt refers to the tm then obtamed 
^m Oimish mines The Romans appear to have distmgmshed lead 
tom cttllmg lead “plumbum ragrum,” and tm “plumbum candi- 
du^ The stannum ” was later restrict^ to tm nroner The 

alchenu^ ^ ’* and represented this metal by y the 

QTnfaoI for the planet Jupiter. j 4, uie 
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Occurrence — ^There are several reports of the ooourrence of metalhc 
tm in nature Practically, tinatmie or cassitente is the sole source of com- 
mercial tm This mmoril occurs m tetragonal crystals coloured brown 
or black by impurities, chiefly iron Cassitente is stanmc omde, SnOj, 
contaminated mth more or less arsemcal pyntes, copper pyntes, tung- 
states, and various metalhc sulphides “ Lode ” or “ vem ” tm is cassi- 
tente wluch is obtamed from veins or lodes m primary deposits , while 
“ stream ” tin is cassitente from alluviol secondary deposits whore it occurs 
m more or less rounded lumps The mmers speak of tmstone as “ tm ” 
or “ black tm ” to distmguish it from the metal uhich is colled “ white 
tm ” The complex sulphide ore, slanmte, or iin pyrites, is a sulphide of 
copper tm, iron and sometimes zme It is comparatively rare About 
one third of the world’s output of tm is produced in the Malay peninsula 
Tm IS also produced m the Malay archipelago, Bohiua, Australia, Com- 
ivall, South Africa Bohemia, and Saxony, etc 

Extraction — The ore is first concentrated by washmg away the earthy 
impunties The lugh specific gravity of tmstone — 6 8 to 7 0 — enables 
this to be done without much trouble, ns m the case of ivashmg gold {qv) 
This process usually uoiks well uith stream tm, but vem tm usually 
legmres more complex treatment The crushed ore is first washed to 
remove earthy matters The arsemc and sulphur are removed by an 
“ oxidizmg roast ” The tungsten and the residue- left after the calcmation 
of the pyntes are removed by passing the calcmed ore through the intense 
magnetic field of an “ electro magnetic separator ” 

Hie extraction of tm mvolves the reduction of the ore m a blast furnace 
or m a revorboratoiy furnace Thus the “ concentrated ” ore— tmstone 
■ — ^iB heated with coal in a reverberatory furnace The oxide is reduced 
SnOj -j- 2d = 2C0 + Sn The molten tm which collects on the bottom 
of the furnace is drawn oflt and oast mto mgots or blocks — ^blook tm — ^which 
contam about 99 6 per cent of metalhc tm. The slag obtamed m this 
operation is also worked up to recover the 20 to 40 per cent of metal 
it contains 

Refiiung tin — ^Tm is refined by heatmg it, at a temperature as httle 
as possible above the melting point of the metal, on the slo ping hearth 
of a reverberatoiy furnace The tm flows down the hearth and leaves 
the oxidized metalhc impuntics as “ refinery dross ” behuid. This tm may 
be further purified by sturmg the molten metal with a billet of wood. 
The metal is agitated by the bubblmg of the nsmg gases, and’’'this coiSmu- 
luly exposes fresh portions of the molten metal to the oxidizmg action of 
the an- The unpunties which collect on the surface as a “ dross ” are 
skimmed off The refinery drosses oontammg a large percentage of tm arc 
re smelted with the ore orb 


Tm IS recovered from scrap tm, tm plate, etc , by treatmg these matenals 
with some solvent, eg chlorme Electrolytic methods of extraction have 
not been very successfuL 

Properties ^En is a white lustrous metal with a pale blue tmge The 
metal retains its lustre uiimipaired by exposure to an- The metal is soft 
enough to be cut with a knife, but it is harder than lead, and not so hard 
os zmo Tm is ve^ ductile, for it can bo beaten mto foil-tmfoil-and 
town into wire The duotihty of tm is greatest at about 100° , at 200° 
the metal is bnttle enough to be pulverized mto poivder Tm show's a 
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marked tendency to crystallize on solidification If a bar of tm be lieiit, 
it emits a low crocklmg noise-=“ tm cry ” — ^said to be due to the rubbing 
of the crystal faces upon one another If the surface of a block of tin be 
treated with warm dilute aqua regia, the surface of the metal immediately 
assumes a crystallme appearance The crystals are best shown by cooling 
molten tm in a crucible until part has solidified, and pounng out the hqmd 
portion The walls of the crucible will be hned with crystals of tin Tm 
appears to be dimorphous, foi electrolytic tm — t c tm deposited from a 
solution by the electrolysis of a tin salt — and malleable tm, form tetragonal 
crystals , while the “ brittle ” tm, menlaonea. above, is ihombic- Tetia- 
gonal tin passes mto the rhombic form between 170° and 200° Tm melts 
at 232°, and boils at about 2275° A perceptible volatilization occurs at 
1200° Tlie metal takes fire when heated between 1600° and 1600°, burning 
with a white flame to stanmc oxide When the metal is heated just 
above its melting point in air for some time, it forms a j'eliowish- white 
scum* which is stannic oxide 

Grey tm — ^When cooled to a low temperature tm crumbles to a grey 
fnable powder Several cases have been reported where tin, dunng an 
exceptionally cold wnnter, has crumbled to powder , for instance, A L 
Erdmann (1851) noticed some tm organ-pipes crumble to powder The 
disease is called the “ tm pest ” Giey tm appears to be a third aUotropic 
modification of the element 

170“ IS® 

Bhombjo tin Tetragonal tin Grey tin 
Specifio gravity 7 26 6 65 6 8 

Specific heat 0 0525 — 0 0510 


I^e teansition temperature is 18° Hence, excepting m warm weather, 
all or^ary white tm is m a metastable condition E Cohen has pointed 
out that the speed of the transformation is very slow at ordinary tem- 
peratures, but it proceeds with a maximum velocity at —48° especially 
c ^ contact with an alcohoho solution of “ pink salt,” 

bnCl^ 2NH^a At lower temperatures, the velocity agam slows down 
If a piece of tm which has already commenced to change be allowed to 
remam m contact with a piece of ordmary white tm, the unchanged tm 
IS more qmckly affected with the “ disease ” ^ 

alkalies— Tm dissolves slowly m dilute 
concentrated acid, fomnng stannous 
chlonde, SnClj and hy^ogen Sn + 2HC1 SnCL K Tims but 

sulphunc acid, but the hot concentrated acid 
ar-fS,SO sulphate and sulphur dioxide 

iinii +5 -f SO 2 -f- 2:^0 The action of nitric acid depends 

temperature and concentration of the acid With cold dilute 

1 ^ wti, NfiNOg, with possibly a httle stanmc mtrate 

„vmbecs sW that proUify hS sotnewhS 5 
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and 119 10 Tlio best representative value is taken to be 119 — oxvgen 
= 10 Hie vapour density of the volatile compounds of tin , obsenmtions 
on the isomorphism of stanmo and titamo oxides , and the specific heat, 
0 065, by Dulong and Petit’s rule, all point to this number 119. as the 
atomic weight of tin 

Uses — The resistance of tm to otdmary corrosive agents is utilized 
in protecting iron from rusting, “ tm plate ” is mode by dipping thin sheets 
of steel into molten tin, whereby the steel is coated with a tlun film of tm 
The plated tm so made is used m the manufacture of tm cans, and similar 
articles. Copper coated with tm is also used for cooking vessels Tm 
amalgam is used m coating mirrors. 

Alloys — ^Many useful alloys contam tm The addition of tm to lead 
lowers the melting pomt of lead , and the addition of lead to tm lowers 
the melting pomt of the tm Tin molts at 232°, and lead at 327° , an 
alloy of 37 per cent lead wath 03 per cent of tm melts at the eutectic 
temperature 180°, as indicated m Fig 303 “ Common solder ” has one 

part of tm to one part of lead but solders generally varj' from 00 to 33 

per cent of tin “Peivtcr” is a tm- 


^*|' | ' | IT I 1 1 1 1 1 1 1 1 n r i T I TT I I D alloy contammg 75 per cent of tm 
^ with 26 per cent of lend It will be 

^ j : ± obsAwed that an alloy of two metals or 

^ J a salt solution may appear to have two 

f ::::::::: i freezing points ( 1 ) the temperature at 

§ J which nn excess of one constituent 

L l. n 1 1 . 1 m I B freezes along the lines AO, OB, Fig 303 , 
uZ t<*mpcrature at which the 

Fro 303 —Molting Points of eutectic freezes en hlw During the 
Tm lend Alloys cooling of plumber s solder, for instance, 

say tin 40, lead GO solid lead begins to 
soparato at 240 « and continues separating until the mother liquid contains 
37 per cent of lead, when the whole mass solidifies Between these two 
temperatures, 180° and 240°, the coohng alloy seems to bo in a “ pasty ” 
condition, and this enables the plumber to “ wipe ” a loint beinc made 
with such an alloy 


§ 3 Stannous Oxide and Hydroxide 

men stannous oliloride, .SnCl,, .s dissolved in nn excess of water, a 
wh^e p^ipitote of stannous oxychloride, Sn(OH)a, is formed BnCL. 

11 Sn(OH)Cl + HCl If stannous ohlorido bo treated with an 

(^rbonato, or sodium hydroxide, stannous hydroxide, 
Sn(OH) 2 , IS precipiteted WTicn heated in a current of carbon dioxide 
^nnous hydroxide forms black stannous oxide, SnO , which, when heated 

Stannous hydroxide is insoluble in 
ammo^ but it readily dissolves m alkaline solutions, formmg stannites, 
eg potassium st^te Sn(OH )2 + 2KOH^Sn(OK , + 2H?0 S 
the Btenmtes aro to be regarded as salts of stannous aSdTHSiO„ wSi 
may be simply ^noM hydroxide Basic stannites of the ty^ HOSn(OK) 

^^‘^Poration of alkalmo Stions of the 
Btaiuu^. c^stals of SnO can be obtained If much alkali be nrosei t 
or if the solution be boiled, metallic tm separates and alkoh stiSinatcs,' 
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K^SnOj, nro formed 2KHSn02 = jK^aSnOa 4- Sn + H2O Stannous 
hydroxido js converted Into stannous salts when treat^ with aoids, and 
consequently, stannous hydroxide exhibits both acidic and basic properties 


§ 4 Stannic Omde and Hydroxide 

If an acidified solution of stannous ehlonde, SnClj, be exposed to tho 
an, oxygen is absorbed, and stanmc hydroxide is precipitated 2SaCla 
+ 02 + dHjO 2Sn(OH)4 + 4 HG Possibly stanmc ehlonde is first 
formed 2SnCl2 + O3 + 4 HC 1 — >■ 2Sn0l4 4 * ZHjO j and this latter is 
hydrolyzed by the water SnCl4 4- 41^0 ^ Sn(0H)4 4- 4 HC 1 Tho 
stannic hydroxide is precipitated by ammoma, alkaline hydroxides, cai- 
bonates, anunomum nitrate, sodium sulphate, etc , from solutions of stannic 
salts SnCI^ 4 * 4 K. 0 H ^ 4 K.C 1 4 - Sn(OH)^ Stannous ehlonde is hydro- 
lyzed by water with the production of the same hydroxide If the preci- 
pitate be dned in air, it has the empmeal composition H4Sn04, otSn(0H)4, 
and if dned over concentrated sulphuric acid, the empmeal composition 
H^SnOs, or SnO(OH)2 Consequently H4Sn04, that is, Sn{0H)4, is to he 
regarded as ortho-staimic acid, and HaSnOj, or 0=Sn=(0H)2, as 
meta-stannic acid Stannatea corresponding with E^SnO^, analogous 
with the carbonates, can be made by heating solutions of, say, stanmc 
chloride with an alkahne carbonate 

When metallic tin is treated with hot mtiio acid (specific graviW 1 3 ) 
stenmc hydroxide with the empmeal formula Sn{0H)4 is formed, and 
this when dned m air has the empmeal formula H4Sn04, and if dned over 
^phimo acid it has the empmeal formula SnO(OH)3 The stanmc acids 
form^ by these two different processes differ essentially in their behavioui 
towards many reagents For convemenoe, tho stannic acid formed by tho 
aotaon of alkahes on solutions of stanmc ehlonde is called a-stannic acid 
^d the acid produced by tho action of mtnc acid on tho metal is called 
0 st^ic acid or ‘metastanme acid.” Some of the differences between 
cue two varieties are as follows 


T.VBLE LVIII— Pkopebties or the Metastamtio Acids 


« Metastanme acid 

^-Metastnnnlc acid 

baits dissolve in water easily and are 
not decomposed More basio than 
the p acid I 

When moist, dissolves readily m mtnc 
acid 

Soluble m dilute sulphuno acid and the 
boded**'^ not gelatmize when 

Easily soluble m liydroohlono and the 
solution remains cleor when boded 

Salts dissolve in water with di£Soulty and 
form msolublo basic salts and free acid 
ness basic than the a acid 

Insoluble in mtnc acid 

Insoluble m sulphuno acid e\en if con 
centrated 

Umt^ With hydrochlono acid forminc a 
substance insoluble in acid but soluble 
m water The aqueous solution cola 
tmizes u hen boded ^ 
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tlie properties they had before dissolving in the alLahes. J, J Berzehus 
observed this peouhanty of the stannio aoids m 1811—1823 Berzehus 
found that both oxides had the same ultimate composition, and the fact 
was regarded at the time as an “mteresting example,” shoinng that 
“ identity of composition does not correspond mth identity of properties.” 
An explanation of the diBerenoe between the tivo ooids is not known 
with certamty It is generally supposed that tlie acid — (H2Sn03)5 or 
Sn505(OH)io — IS a polymenz^ form of the a acid — ^EEoSnOj. If the 
)8 acid be treated ivith concentrated hydrochloric acid for a diort tune, 
a compound Sn305Cl]o is formed which is insoluble m hydrochloric acid. 
This substance is soluble m water with the formation of the so called 
)9-stannic chlonde or stannyl chlonde Sn^OgChfCHlg If the aqueous 
solution be boiled, the yS acid is reprecipitat^ Sn505Clo(0H)g + 2HoO 
= 2HC1 + SnBOB(OH)ig , and if the aqueous solution be treated with 
hydrochlonc aeid, a precipitate correspondmg with Sn505Cl4(0H)g is 
formed. While tartanc acid prevents the piecipitation of stanmc 
hydroxide from stanmc chloride solutions by ammoma , the precipitation 
IS not prevented from solutions of j3 stannic chlonde 

These pecnhanties are explamed on the assumption that the two 
isomerio stanmc acids have the- constitutional formulm 


^OH .OH 


HO. „ .0-Sn(0H)a-0-Sn(0H) 
HO^^’^^O -Sn(OH)o -O-Sn(OH) 


a>0 


Oithostannio acid a Metostaniuc acid j3 Hetostanmo acid 


When treated with hydrochlonc acid, the hydroxyl (OH) groups ore 
replaced by chlorme, and the resultmg compound, when treated with water, 
IS more or less completely hydrolyzed As mdicated above, if the P acid 
IS boiled for a long tune with concentrated hydroohlonc acid, or concen- 
trated alkalme hydroxide, it is gradually converted mto the a-aoid , and 
conversely, the o acid is gradually changed mto the P acid at ordmary 
temperatures, but more rapidly on boihng Thus SSnCl^ + ISHjO 
= 18HC1 + SugOgClglOHlg An aqueous solution of P stannyl chloride, 
SngOjCUfOHlg gives a precipitate of P stannyl sulphate -with sulphunc 
acid or potassium sulphate P stannic acid unites with alkalies, fonnuig 
jSstannates, eg potassium jSstannate, K2Sn50i4 4H30 An excess of 
alkah precipitates the stannates Hence j3 stanmc acid exhibits both 
acidic and basic oharactenstios. Both stanmc acids redden blue htmus, 
both can be obtained m a colloidal condition by the dialysis of solutions of 
the correspondmg stannates acidified with hydrochlonc acid. 

An idea is growmg in the nunds of those who have specially studied 
the stanmc acids that the essential difference between the two vaneties 
18 size of gram , that the particles of the a acid are the smaller and of the 
p acid the larger , and that there are not two distinct and well defined 
a- and p stanmc acids, since a contmuous gradation of forms mtermediato 
between the tiio varieties can be made by varymg the temperature of 
precipitation 

Stannic oxide, SnOg. — ^WTien the stanmc acids are calcmed, stanmc 
oxide, SnOn, is formed as a iihite powder which appears yellow when hot. 
Stanmc oxide is also formed as a white powder by the combustion of tin 
If stamiic chloride be heated in a cunent of steam, ghstcnmg rhombic 
crystals of stanmc oxide are formed isomorphous ivith brookite, TiO™ 
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As previouBly indicated, stannic ondo occurs m nature m tetragonal 
crystals of cassitente which arc usnaUy black in colour owmg to the pre- 
sence of unpunties These crystals are isomorphous with rutile, TiOj 
These crystals also separate on coohng a fused solution of stannic ojade 
in boras When stannic oxide is strongly heated with phosphono acid, 
crystals of stannic oxide isomorphous with anatase, TiOj, are formed 
Hence stanmc and titamc oxides are isotnmorphous. Stamuc oxide is 
insoluble in acids and aqueous solutions of the alkalies, but it forms 
a-alkah stannates when fused with sodium or potassium carbonate or 
hydroxide Sihca behaves la a similar manner 


§ 5 Lead 

History — Lead was known to the ancient Egyptians It is mentioned 
several times m the Old Testament It appears to have been confused 
with tm (j w ), and Phny seems to have distmgmshed between phmibutn 
nignm (black lead) and plumhum album or plumbum candtdum The 
ancient Romans used lead for making water-pipes, and some lead compounds 
were used as cosmetics, and as pamt The alchemists connected lead 
with the slow-moving planet Saturn, and accordingly represented lead by 
a 8<^he h , the symbol for Saturn 

Occurrence — ^mall quantities of metalhc lead are occasionally found 
m nature In combmation with sulphur, lead occurs as sulphide, galena, 
PbS This 18 the most abundant ore of lead Commercial lead is obtamed 
almost exclusively from galena Lead carbonate, cerusstte, PbCOo, is 
not uncommon Lead sulphate, PbSO^, ocours as anglestte, lead 
chromate, crocostie, PbCiO^ , lead molybdate, vnajenite, PbMoO, , lead 
phosphate, pgromorphtie, PbCla 3Pb3(P04)2 , lead chloride, matlochie, 
pCla Lead ores come from England, Umted States, Germany,- Mexico, 
Spam, New South Wales, South America, etc 

Extraction — ^The galena is roasted m a current of air at a low tem- 
peiature in a reverberatory furnace, so that one part of the lead 
sulphide, PbS, is oxidized to lead monoxide, PbO, and another part 
“ sulphate 2PbS -j- SOj = 2PbO + 2SO2 , PbS -{- 20, 

— PbSO< The mixture of lead sulphide, lead sulphate, and load monoxide 
^ obtamed is heated to a higher temperature ivith the air “ shut off ” 
The sulplnde wtli the sulphate and the lead monoxide, fonniiic 

meWhc lead PbSO, -1- PbS = 2Pb + 2SO2 » 2PbO + PbS = 3Pb 
+ HUg , and toivur^ the end of the operation, when the lead sulphide 
be^ to fuse PbS + 3PbS0, = 4PbO + 4S0g In dealing with orTs 

w m lead, e g some Spamsh ores, the ore is sometimes reduced by heatinc 
with iron, or a mixture of iron ore and coke Metalhc lead and iron 
Bulplude are formed PbS -f Fe = Pb -f PeS 

processes usuaUy contams antimony, tin 
coppe^etc Thase impurities make the lead hard and bnttle A larue 
prop(^on can be removed by heating the metal m a shallow flat-bottomed 
fumwe whereby most of the impurities are oxidized before 

“s^teni^i/leaS” TheXrT.\LVeSmcSiySe? "" 
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Perfectly dry air, and an free ^\ater, have no action on the metal, but if 
moist air be present, or if the metal be immersed m aerated watei, lend is 
soon covered with a film, probably an oxide, and this is ultimately converted 
into a baste carbonate Lead is soft cnougli to bo out with a knife and 
soratohed with the finger nail It leaves a grey streak when drawn across 
paper Small traces of impunty — antimony, arsenic, copper, zinc — ^makc 
the lead much harder Lead is not tough enough to be hammered into foil 
or drawn into nnre , but it can bo pressed mto pipes, or rolled into thin 
sheets or foil Lead filings under a pressure of about 13 tons per square 
inch form a solid block , and the metal seems to liquefy under a pressure 
of about 33 tons per square inch The specific gravity of lead vanes 
from 11 25 to 11 4 according as the metal is cast or rolled load melts 
at 326°, and boils at about 1525° Wien cooled slouly, the molten 
metal forms a mass of octahedral crysMls (cubic system) The crystal 
line nature of the metal is shown by the olcctiolysis of a load salt Lead is 
also deposited as an “ arborescent ” mass of crystals — called a “ lead tree ” 
— ^uhen a strip of iron oi zinc is suspended in a solution of a lead salt 
Lead is rapidly dissolved by nitric acid, but is little alfcotcd by dilute 
hydrochlono or dilute sulphuric acid in the cold, because a crust of in- 
soluble lead chloride or sulphate is formed on the surface, and this pro 
toots the metal from further action Powdered lead is quickly dissolved 
by boihng ooncontiated hjdroohloric or siilphuiic acid Orgamo acids 
— acetic acid (vinegar) — ^alro act as solvents for metallic lead Hence 
vessels plated with tm oontainmg lead, if used for cooking purposes, may 
contaminate the food with poisonous lead compounds Water contaimng 
sidphatcs and carbonates in solution forms a coatmg on the surface of lead 
which prevents further action Lead is attacked by water holding 
ammomum salts and carbon dioxide m solution In the latter case, a 
soluble acid carbonate may be formed All lead salts arc poisonous, and 
if the water supply of a town bo pure enough to attack lead, it is sometimes 
necessary to filter the water through limestone or chalk The water then 
takes up enough carbonates to form a film on the mtorior of the lead pipes 
which protects the load fiom further notion 

Atomic weight of lead — -Tlie combining weight of lead has been 
dotermmed by the synthesis of lead nitrate and lead sulphate from metallic 
lead, by the analysis of lead chlondc etc If oxygen be 1C, the best 
determinations of the combiiung weight of lend vary between 200 8 and 
207 6 Hie best representative value is supposed to be 207 1 Tlus 
agrees with the insult by Dulong and Petit’s method of approximation 
Binee the specific heat of lead is 0 0309, and 6 4 — 0 0309 = 207 1 Tlic 
vapour density of the volatile lead compounds also corresponds with the 
atomic weight 207 1 The vapour density of metallic lead between 1870° 
and 2000° shows that the molecule is monatomic 

Uses — Lead is largely used in the arts on account of the ease with which 
it can be worked, cut, bent, soldered, and on account of its power of rc 
Bistmg attack by water and many acids It is used in the manufacture 
of pipes for conveymg water , for the manufaeturo of sheaths for electric 
wires, ^cots for sinks, cisterns, and roofs, lead chambers for sulphiinc acid 
w'orks, evaporation pans m cheimcal woiks, etc It is used in making 
b^ets, shot, ocoumulatoi plates, etc Tjpe metal, solder, pewter, and fusi bio 
alloys contam much lead. These allovs have been nreviouslv dispusaed 
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§ 6 Lead Monoxide and Hydroxide. 

The dull grey iridescent coating irhicli is formed on the surface of lead 
melted at a lo\r temperature is supposed to be lead suboxide, Pb^O ^ If 
this scum be contmuously removed, and agam heated to a lov temperature 
m air so as to avoid fusion, a yeUour povder of lead monoxide, PbO, some- 
times called massicot is formed If this oxide be fused it forms, on coohng, 
a buff-coloured crystalhne mass of lead monoxide, or htharge, PbO If 
slovly cooled the oxide has a reddish tmt, and if rapidly cooled, a yellou 
tint It IS thought that there are tiro modifications of lead monoxide — 
yellow and red, the latter bemg the stable form at ordinary tempera- 
tures Litharge is commonly made by the cupellation of lead- Large 
quantities of lead monoxide are used in prepanng ods, and varmshes, 
and in making fimt glass 

Lead monoxide fuses at 877°, and it is volatile at a red heat Its 
specific gravity is 9 36 Lead monoxide is shghtly soluble m water pro- 
bably fomnng lead hydroxide, P^OH), , sufficient lead hydroxide is 
dissolved to give the water an alkaline reaction Lead hydroxide is best 
made by the addition of alkali^ to a lead salt The composition of the 
precipitate depends upon the conditions of precipitation The hydroxides 
2PbO HjO and PbO HoO hai e been reported- The precipitate is soluble 
in an excess of alkah hydroxide forming plumbites Potassium plumbite, 
Pb(0K)2, for instance, is formed when potassium hydroxide is used Tlio 
precipitate is insoluble mammoma \\Ticn heated to 145°, the hydroxide 
passes into the oxide Roth oxide and hydroxide dissolve in acids fomnng 
lead salts The formation of plumbites lUustrates the acidic nature of 
lead monoxide , and the formation of lead salts, and the alkahraty of 
^ueous solutions of lead hydroxide, show the basic properties of this oxide 
Hence lead monoxide is an amphoteric oxide 


§ 7 Lead Sesquioxide and Red Lead 

Lead sesquiomde, PfajOj— This oxide is an orange yellow powder 
formed when lead hydroxide, in alkaline solution, is treated mth an 
oxidizmg agent— hypochlontes, chlorme, bromine, hydrogen peroxide 
potassium persulphate-2PbO NaOCl = NaQ -f Pb .0. Wn heated 
lead ^quioxide forms lead monoxide and oxygen ' Acids, say mtnc 
Mid decompose it mto lead monoxide and lead dioxide— tff former L- 
^ ™ concentmted hyShlfric 

+ 

Ballet powder Ihe hot powder ao,nire, a dSSd hot “ 

goes on, then it appears to becomo nolet, and imallv Wa^ n- i”^^ 
the ongmal red powder appears The tmtof^Sl d“LjS 

“ S'” 
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by the mode of preparation , its composition also vanes "with the tempera- 
ture and time of heatmg Althongh there is little doubt that a compound 
of the empincal formula Pb,04 does exist, most red leads of commerce 
appear to contam PbjO^ ■with variable amounts of lead mono'xide Con 
vorsely, hthaige generally contains a little red lead Many vaneties of 
red lead approximate in composition to Pb^Og, and these red leads no 
doubt contain Pb304 wPbO As \nth lead sesquioxide, dilute acids 
decompose PbgO^ into PbO and PbOj, the former dissolves in the acid 
forming a salt of lend Wlien heated, red lead dissociates into lead 
monoxide and oxygen 2Pb304 6PbO + On The dissociation pres 
sure varies -with the temperature, thus 

Temperature 446“ 600“ 666“ 636“ 

Pressure . C 60 183 763 mm 

The partial pressure of o-^ygen m oir is one fifth of 700 mm , that is, 
152 mm This means that red lend will decompose at about 550'* ■when 
heated m air , and in pure oxygen at atmospheno pressure, red lead can 
bo formed at 600°, but not at 660° Bed lead propei is not a mixture of 
lead monoxide and lead pero'xide because the dissociation pressure of lead 
peroxide at a given temperature is much less than tliat of red lead Red 
lead IS used m the manufacture of flint glass and glazes for pottery It 
also 18 used m the manufacture of pamt and of matches 


§ 8 Lead Peroxide 

Lead peroxide is prepared by the action of oxdizing agents — ^h'ypo 
chlontes, chlorine, bromme, hydrogen peroxide, or persulphates — on 
alkaline solutions in -which lead monoxide is suspended The same com- 
pound IS deposited on the anode when a solution of a lead salt is electro- 
lyzed Lead peroxide is a strong oxidizing agent Thus, when lead 
peroxide is gently rubbed -with sulphur on a warm surface the mass 
inflames , with phosphorus, the mixture detonates , when sulphur dioxide 
18 passed over lead dioxide, the two umte to form lead sulphate, PbSO^ , 
and when hydrogen sulphide is allowed to impmge on a few grams of lead 
peroxide, the gas is oxidized and bursts mto flame 

Lead dioxide dissolves m a boilmg concentrated aqueous solution of 
potassium hydroxide, and the solution on coolmg deposits oiystals of 
potasmum metaplumbate, KjPbOj SHjO, analogous with potassium stan- 
SHoO If a mixture of calcium carbonate and lead mono-xide 
be heated to 700°, carbon dioxide is given off and oi^gen is absorbed form- 
ing calcium metaplumbate, CaPbOg If calcium plumbate be treated 
wth carbon dioxide at the same temperature the reaction is reversed, and 
o^gen IS evolved. This process was proposed by Khssner for the pre 
parataon of oxygen Hence lead dioxide shows feeble acidic properfaes 
Lead m lead <hoxide is undoubtedly quadn valent, as lead is in lead tetra- 
chloride and lead fluoride-Pba, and PbP^ Lead dioxide behaves as 
a freble base mth acetic acid When red lead is dissolved m glacial 
neeaehke crystals of lead tetracetate separate 

Wo,* 1 salt 18 immediately decomposed by water and 

l)roA\Ti lead peroxide is precipitated 

The constitution of the higher oxides of lead —Lead peroxide is tn, 
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polyoxide 0=Pb=0 because it gives oxygen, not hydrogen peros^, 
vhen treated vnth acids Thus with concentrated sulphuric acid 2PbOj 
f 2H0SO4 2PbS04 4- 2H2O + O2, and mth concentrated hydroohloiic 
acid, ^t gives ohlonno PbOo + AHC31 2^0 + PbClj + Clj 
peroxide is l>est regarded as tlie anliydnde of orthopluttibic a.cid| 
Pb(OH)4 or metaplumbic acid, PbO(OH)2, just as COj, SiOo, SnOj and 
Mti Oj anhydrides of carbonic, sihcio, stannic, and manganous 

acids Wlien hypoehlontes, or other oxidizang agents, act upon an 
alkaline solution of lead monoxide, a brown precipitate of metaplumbic 
acid IS formed Pb(0H)2 + 2NaOH + HjO + 3NaCl PbO(OH)j 
If the latter be warmed, it passes into the anhydride PbOj The 
other two oxides of lead — Pb203 and PbgO^ — are m all piobabihty salts 
of plumbic acid, lead, sraquioxide appears to be lead metaplumbate, 
PbPbOg , and red lead to be a lead orthoplumbate, PbjPbO^ 

|g>Pb<g| Pb<g>Pb<g>Pb |o>?b=0 Pb<g>Pb=0 

Orthoplumbic acid. Lead orthoplumbate, Metaplumbic acid. Lead metaplumbate, 
H 4 Pb 04 Pb-Pb 04 , i e , Pbj 04 H-PbOj PbPbOj, j e . Pb-O, 

Calcium orthoplumbate, Ga^PbO^, is a eryatallme salt analogous with 
red lead, that is, lead orthoplumbate , and potassium metaplumbate, 
KoPbOg, IS analogous with lead sesquioxidc, that is, with lead metaplum- 
bate 

When lead sesqnioxide is treated with nitiic acid, it forms blown 
plumbic acid, PbO(OH)2, or its anhydride, PbOo 

0=Pb<g>Pb + 2HNO3 0=Pb<g| + Pb(N03)2 
analogous with the action of mtnc acid on lead caihonate 

0=G<®>Pb -b 2HNO3 0=C<Og+Pb{N03)2 
Similarly, with led lead 

Pb<g>Pb<^>Pb + 4HNO3 0=Pb<®| + HjO -f 2Pb(N03)2 


§ 9 Accuihulators or Storage Cells. 

If two corrugated lead plates be covered with a paste of htharge, PhO, 
and dipped m a 20 per cent solution of sulphunc acid, tlie htharge on the 
plates is converted mto lead sulphate, PbSO^ If an electric current be 
passed through the cell, hydrogen is evolved at the cathode, and oxygen 
at the anode during the electrolysis of the sulphunc acid The hydrogen 
at the cathode reduces the lend sulphate produemg a grey film of “ snoney ” 
metalho lead PbSO^ + 32 = -f Pb , and the ox\gen at the anode 
transforms the lead sulphate into lead persulphate 2PbS04 -f- 2 BlqSO 
4- O3 = 2Pb(S04)2 4- 2H2O , and the persulphate is at once hydro^ed 
mto lead peroxide and sulphunc acid Pb(S04)„ 4- fiELO = PbO 
+ 2H0SO4, with the result that a dark brown film of leadperoxide is 
fonned on the lead plate The current may then be stopped 

If the terminals of the cell be then connected -with a suitable 



798 


MODERK INOEGAOTO OHEMSTRY 


resistance, a current of ncar]3' two volts can be obtained, and this 
continues for about twelve hours. Tlie coll is tlien said to bo ‘ dis 
charged ” The brown film of lead peroxide on the anode gradually 
disappears durmg the discharge of the cell, and a white film of lead sulpliato 
takes its place The reaction on the anode during the discharge of the 
cell 18 PbOa + Pb + 2 H 2 SOi = 2PbS04 + 2H2O When the cell is being 
charged, the reaction can bo ropresentctl by the same equation taken from 
right to loft 

2 PbS 04 + 2H2O ^ Pb + PbO, + 2H2SO4 

Charge Dwchurgo 


As soon as the jieioxidc bos disappeared, the electromotive force of 
the coll drops rapidlj, although the voltage keeps remarkably constant 
as long as any iioro\ido remains on the plate Tins is illustrated bv the 
curve. Fig 304 The curve from B to C shows that the \oltngc remains 

nearly constant for ten to twcl\ c hours while 
' ^ m ri n ll l n n n ri n discharging , the curve from G to 

^ represents the drop m \oltago when tho 
jicroxide is almost all gone Tlic cell should 
^ ^ + be recharged before it lias reached this con 

dition otherwise tho efficiency of the plates 
may bo reduced Rorcrsiblo cells of tins 
kind are called “ nccnimilators,” “ secoiularv 
Hours ^ cells,” or ‘ storage cells ” An accuinulator 
. 18 thus a cell with metallic lead plates, and 
^ Accumultttop^”^ plates speoiallv designed to hold ns large 

an amount of litharge or lead oxide ns 
possible Tlio plates dip in cblule sulphuric acid IWieii charged the 
aooiimulator acts as if it wore a cell PbOj | H SO^nq ] Pb To summnnzo 
the changes at the electrode during charge ami ihschargc 






Charging Disclmrging 

Cathode PbSO^ Pb Pb PbSO, 

Anodo PbSO^ PbOa PbO , PbO PbS04 


Durmg tho discharge, tho surface of both plates becomes covered with a 
film of white lead sulphate, and hydrogen is o\ol\ed at the cathode 
Pb + H2SO4 = PbS04 + Tlio hydrogen is partly absorbed by the lead 
which has not been converted into sulphate Tlio presence of the absorbed 
gas raises the electromotive force of the cell durmg discharge until it is all 
consumed This occupies but a few minutes , during this time, the 
voltage IS represented by tho oun^e AB 

Several other mterpretations of tho action in an aecuinulatoi during 
charge and discharge have been proposed Tlio hypothesis indicated 
above can be easily translated into tho language of the ionic hypothesis 
In the charged cell, we have a liquid contaimng H and SO4" 10ns, ynth lead 
and lead peroxide electrodes When tho coll is discharging, tho H 10ns 
travel towards tlie PbOo plate and reduce the lead peroxide to lead 
monoxide 2 H + PbOn = HjO + PbO , and this plate accordingly 
recoi^ a positive charge, oiniig to tho de electrification of tho H ions. 
The SO4 ions simultaneously tra\ el to tho lead plates converting the lead 
at the surface of the plate into lead sulphate SO/ + Pb PbSO^, and 
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the plates are at the same time charged negatuely In consequence, a 
positive current of electricity travels from the “ peroxide ” plate to the 
“ lead ’ plate outside the cell, and from the “ lead ” to the “ peroxide ” 
plate m the hquid A secondary reaction between the sulphunc acid and 
the lead monoxide of the “ peroxide ’ plate leads to the formation of lead 
sulphate, and consequently the oonsamirtion of the sulphuric acid m the 
liquid in the cell is relatively large dunng discharge When the cell is 
to be re charged, the “ peroxide ’ plate is connected with the positive 
pole of the dynamo, and the “ lead ’ plate with the negative pole of the 
dynamo The H ions of the cell travel to the negatively charged plate, 
an equivalmi number of SO/' ions pass into the solution and metallic lead 
remains on the plate The effect is to reduce the lead sulphate back to 
metaUio lead The SO/' ions travel to the positively charged “ peroxide ” 
plate and form lead persulphate 2SO/' 2PbSO^ = 2 Pb(S 04 ), The 
lead persulphate is immediately hydrolyzed to lead peroxide as mdicated 
above Sulphunc acid is thus regenerated, and the cell is brought hack 
to its ongmal condition 


§ 10 . The Relationships of the Carbon-Sihcon-Tm Family 

The elements carbon, silicon, germamum, tin, and lead have a close 
family relationship The physical properties, it will he seen, where known, 
vary uith the atomic weight Thus 


Tabli. LIX — PaopERTiEs OF THE Cabbov-Tix Famicv 



1 Carbon 

Sihcon 

Germanium 

Tm 

Lead 

i 

Atomic weight . i 

Specific gravity I 

Atomic t olume i 

Mcltmg point I 

Boilmg pomt . 

1 

1 

^ 12 

2 3 to 3 5 

4 15 

f 

1 

28 3 

2 35 

12 04 
1360® 

about SOOO’I 

72 6 

6 47 

13 26 
958“ 

1 ■" 

119 

5 8 to 7 3 
18 25 
231” 
2200” 

207 1 

11 4 

IS 18 
326” 
1500” 


The gradual change in the physical properties with nse in atomic weight 
IS very mamfefc The chemical properties ha\c many mterestmc re- 
semblances They are all hi- and quadn-valent, and there is a marked 
transition from acidic to basic quahties with nse of atomic weight Carbon 
hydrogen compounds These relationships are best 
w orked out by comparing the properties of the hahdes, the monoadS 

etc lak^ bismuth mthl 
phosphorus , hthium m the alkah family mercury m the aiTif> familv 
lead seems to link this family with some othra f amil^ 


§ II Titanium, Zirconium, Cenum, and Thonum. 
Atoimo weight 


Titamam, Ti 
48 1 


ZirBonmm, Zr 
90-6 


Cenum, Ce 
140 25 


Thonum, Tli 
232 4 


» 

titanium ^Titanium was discovered m 1791 bv XV 1 . 1 

mvBstvtag th. ,,,4 (menactel m'&lS 
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(Cornwall) He called tins element “ menaolun ” Three years later, M. H 
Klaproth foimd -what he supposed to be a new earth m rutile He called 
the metal derived from the earth “ titanium,” and, in 1797, he shoived 
tliat titanium was identical with the menachm of McGregor The term 
“ titanium ” was denved from “ Titans,” the fabled giants of ancient 
mythology J J Berzehus first isolated the metal — ^more or less impure — 
m 1825 

Titanium does not occur in nature free, but combined, small quantities 
are exceedingly common Most sands, clays, granitic rooks contam a 
small proportion, say, about 0 6 per cent Titamiim has been detected 
in many mineral waters, in many plants, the bones of animals, m the 
atmosphere of the sun (by the spectroscope), etc The chief mmerals 
are niftfe, TiOa (tetragonal, sp gr 4 3), and the tnmorphic brooJnte, 
TiOj (ortWhombio, sp gr 4 0), and anatase, TiOj (tetragonal, sp gr 
3 9), titamum also occurs in minerals ilmemic (titaniferous iron ore), 
FeTiOg , sphene or Mantte, or calcium titamum sihcate, CaTiSiOj, that 
IS CaOTiO^SiOj 

Wo have ]uat seen that titamo oxide, T1O2, is tnmorphous, and isotn- 
morphous with stanmc oxide, p 792 Anatase crystals appear to separate 
when a solution containing titamc oxide is at a temperature about 860°, 
at about 1000°, crystals <5 broohite, and rutile at ^gher temperatures. 
Titamo oxide, or titamum dioxide, liOj, is both acidic and basic It 
forms titanates when fused with alkahes, e.g potassium titanate, KjTiOgI 
when fused with potassium hydroxide It also forms salts, TiCl^, 
Ti(S 04)3, etc , where titamum is a tetrad Titamc hydroxide, Ti(OH)4, 
is precipitated from its salts by the addition of alkaline hydroxide or 
ammoma. Metalhc zinc or tm reduces acidified solutions of titamo 
oxide to violet coloured titamc chlonde, T1CI3, whore titamum is a triad. 
The oorreqiondmg oxide is titanium sesqmoxide, TijOg The titamo salts 
are not r^uoed by hydrogen sulphide or sulphurous acid. Hydrogen 
peroxide produces an orange yellow coloration m the presence of titamo 
salts, and this test is used for the colonmetno determination of titamum 
in rooks, etc The intensity of the colour is proportional to the amount 
of titanium present Vanadium salts m a similar manner produce a 
bnck red coloration The yellow colour with titamum is supposed to 
depend upon the formation of titamum tnoxide, TiOj, where titaniimi 
appears to be sexivalcnt A senes of bivalent titamum salts are known 
The correspondmg oxide is titamum monoxide, TiO The metal is made 
by reducing the dioxide mixed with carbon in an electric arc furnace, 
and also by Goldschmidt’s process The metal melts at 1860°, and 
bums when heated in oxygen, forming titamum dioxide , and at 800°, m 
mtrogen, it forms titamum nitride, Ti-N. Titamum is closely related 
with sihcon ’’ 


Ferro-titamum (an alloy of iron with, usually, 10 to 16 per cent of 
titamum) is used m the purification of ^ssomer’s and the open-hearth 
steel Enough titanium is added to give a steel contaimng 0 06 to 0 2 
per cent, of fatamum The addition also improves tlio durabihty and 
ougmess of the metal Titanium carbide has been used as the negative 
pole for arc hghtmg, the positive pole bemg a rod of copper, or carbon 
One of the electrodes m the so caUed “ magnetite ” arc lamp is a mixture 
ot magnetite and chromite with 16 to 20 per cent of rutile 
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Zirconium — 'WMe M H Klaproth vras analyzing the mmeral zircon, 
In 1788, ho found one vanety contained 

Silica mc&el and iron osides New oarth 
31 5 0 5 68 0 per cent 

Unlike alunumum, the new earth did not dissolve in alkahcs The 
fact that the new earth was separated from zircon led to the term 
“ zirconia,” and “ zircomum ” for the corre^onding metal, which was 
isolated hy J J Berzehus in 1824 Several chemists have reported 
that zircoma is a mixture of two distinct earths one zircoma proper, 
and the other a new earth styled by L F Svanherg (1845), “nona,” 
and hy H 0 Sorby (1869), “ jargoma ” These pseudo discoveries have 
been traced to the contammation of zircoma with known elements — c g 
uiamum, etc 

Zircon 18 a sihcate of zircomum, ZrSiO^ Zirconium forms two senes 
of oxides, ZrOj and ZrjOg When zircon is fused with sodium carbonate, 
and the fused mass is treated with ivater, sodium zirconate, Na^ZrO^, 
and sodium sihcate, Na4Si04, pass mto solution , the sodium zirconate is 
immediatdy hydrolyzed mto insoluble zircomum hydroxide, Zr(OB[)4 
This latter, on igmtion, furnishes zircomum dioxide or zircoma, ZrO*, 
which has both acidic and basic properties The metal is made by reduo- 
mg the dioxide with carbon m the electnc furnace Zircoma is used in 
place of hme m Drummond’s lamp — zircon lamp Zircoma mixed with 
magnesia, thoria, etc , is used as filament m Nemst’s lamp The 
mixture melts about 2200° Zircoma is also used m the manufacture 
of mcandescent mantles, and in the preparation of veiy refractory 
crucibles, etc j ^ 

Cenum In 1803, M H. Klaproth discovered a new hght-brown earth 
wMe amlyzing a mmeral from Ridderhyttan (Sw edcn) Klaproth caUed the 
earth ochroitc,” from the Greek fixpos (ochros), browmsh-yellow At the 
same time, and independently of Klaproth, J J Berzehus and W Hismcer 
made the same discovery, and named the earth ” cena ” m honour of ^e 
dscovery of the planet Geres by G Piazzi, m 1801 The term " cena » has 
been retomed ^e element was isolated by Mosander m 1826 Cena is 
one of the so called rare earths (5 u ) , it occurs more particularly m cente. 
euxemte, and monazitc Cenum forms two oxides and two u ell-defined 
senes of salts m w^h cenum is respectively ter- and quadn-valent Both 
former furnishes white corous salts— Ce(NO,), etc 
the latter, orange-red oenc salts— CelNOg)^, eta ' ® ' 

Thon^ —In 1818, J J Berzelius beheved that he had discovered 
a new ei^h m a mmeral from FaUun (Sweden), and he gave it the 

;^s some doubt at the time about the novelty of this earth In 1828 
Esmark discovered a mmeral near Brevie (Norwavl from ^ i 

plated an earth very snadar to^hT^^^eS 

Znai?™* “ many^other mmLl^-thommtol^t 

orthite, euxemte, etc In 1862, J F Bahr thouS that 

ar«r Iherranr . 
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lum and sihcon»^ Thona is largely used m tlie manufacture of moandescent 
mantles (p. 766)' 

Family relationship of the group— To summarize the physical 
properties of the related elements titanium, zirconium, cerium, and 
thorium 


TABiiB LX — ^PnopEHTiES OP THE TirANin'M-TnoBiirM Family 



Titamum 

Zircomum 

Cenum 

Thorium 

Atomic weight 

Specific gravity 

Atomic volume 

Meltmg pomt 

48 1 

4 87 

0 88 
1796“ 

— 

140 26 

6 73 

10 02 

830° 



The relationship of this group of elements to the carbon-lead family 
IS sometimes represented by means of a diagram like that 
shown m the matgm The differences between cenum and 
thorium, and between tin and load are supposed to mdicate 
the ejostenco of elements not yet discovered, and which are 
represented m the diagram by hyphens 


C 

I 

Si 


f:\ 


Zr 

I 

Ce 


Ge 

1 

Sn 

I 


§ 12 The Rare Earths 

— I The rare earths form a group to themselves , chemically, they 

1 Pb ahke that it taxes the utmost skill of the chemist 

Th eSeot e\on a partial separation, and their history is so 

that 'we do not yet know the number of them — 
W Crookes, 

1 ^ ^ Gadolin discovered a new earth ui the mmoral gadolimto, 

wluch had been named m honour of himself , and m 1707 A G Ekebere 
named the new earth yttria, after Ytterby, the place in Sweden where the 
mneral was found C G Mosander (1843) noticed that what was then called 
yttria 18 ^Uy a complex earth contammg yttna proper, and two other 

elements, erbium and terbium 
in 1880 P T Cleve found erbium earth not only contamed erbmm but also 

1886 Leeoq de Boisbaudran separated 
dysprosium from the same earth In the same year, C Marignac and 

eSohm^° M that terbium earth contamed a ne^lement 

7 as terbium In 1878, C Mangnao found the oxide 

(SwedeZ ytterbium, after Ytterby 

onvfnS extracting ytterhia from the mmeral 

unknown earth which he caUed scandium m 

S whmh element f«>in an 

SShwS ^ r ^ ^ earth be named 

iamnantun, Kmeditw (lanthanem), to hide In 1841. C G Monandcr 

mother tatlmnom Bre oitiZdig 

dommtt oUled didsmilun-Irom the Qrook (didymo.), bS 





TIN, LEAD, AND SOJIE RELATED ELEMENTS 803 

The rate earths include a curious group of basic oxides of elements 
•which, resemble one another so closely that they appear to form a senes 
of compounds with properties -which change but slightly from member 
to member The rare earths are found m the mmerals mentioned under 
cenum, as well as m numerous other rare and scarce minerals. The rare 
earths are separated by first digesting the mineral with concentrated 
sulphune acii The clear filtrate is treated with hydrogen sulphide to 
remove copper, bismuth, etc The solution of the sulphates is treated 
■with oxalic amd. The precipitate containing the oxalates of the rare 
earths is then separated mto three mam groups according to the solubihly 
of their double salts with potassium sulphate Thus 

Insolable o-salates 

Insoluble double sulphates Soluble double sulphates 

Sloderot^y soluble Very soluble 


Scandium, So 44 1 Europium, Eu 162 0 Yttnum, Y . 89 0 

Lanthanum, La 139 0 Gadoluuum, Gd 167 3 Dysprosium, Dy 102 6 

Cerium, Ce 140 26 Terbium, Tb 169 2 Erbium, Er 107 7 

Proseodymium, Pr 140 6 Thulium, Tm 168 5 


Neodymium, Nd 144 3 Neojd^terbium, Yb 172 0 

bamonum, Sa 160 4 ^ 

Fractional precipitation. — is very difficult to further separate the 
members of these senes one from the other, and there is some imcertamty 
as to whether some so called elements are really homogeneous The 
elements of the rare earths are m many cases so closely related that 
th^ can only be separated mto parts which give evidence of chemical 
mdividuahty by very special and labonous methods The fractional 
separation of these elements depends on a reaction in winch there is a 
difference m the behaviour of the elements, even though the difference he 
shght Suppose, for instance two earths differ shghtly in basicity Add 
a wea-k solution of ammoma to a very dilute solution of the earths The 
dilution must be such that a turbidity appears only after the elapse of a 
considerable time The hqmd is then filtered even while the precipitation 
is still mcomplete There is now a shgbt difference in the basicity of the 
two portions of the earth so separated, for the portion stiU in solution is 
ever so slightly more basic than the portion precipitated by the itmmftTi Tft 
The process is repeated on the two portions and the separated portions 
are again treated and the operations are so continued that the differences 
accumulate ^stematioally and finally become perceptible by physical or 
chemical tests. The reaction most suitable for the fractional separation 
depends on the nature of the earths to be treated For example, fractional 
precipitation of the hydroxides by means of ammoma when the less soluble 
earths are deposited first, fractional ciystalbzation of salts— bromates 
oxalates, formates, etc ’ 

By fcactional precipitation, Leeoq de Boisbaudran, in 1879, separated 
amanum from didyrmum (discovered by C G Mosander m 1841), and 
E Demareay, m 1901, separated europium from samanum, the residual 
didymia was supposed to be the oxide of a distinct metal, didyminm with 
a definite atomic weight and •which furnished salts whose aqueous solutions 
gave a charactenstic absorption speefaum In 1885, by the fractional 
ciystallizafion of a nifno acid solution of didymium ammomo-mtiate 
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A von Webbaoh separated this salt into tiro other salts, one bnght green 
and the other amethyst blue Tlie oorrespondmg oxides ■vrere respectively 
pale green, and pale blue Tlie metal derived tom the pale green oxide 
was called praseodymium — ^frora the Greek irpdirivos (prasinos) leek green , 
and the other •was called neodymium — ^from the Greek vtos (neos), new. 
Aqueous solutions of the two fractions have distmct absorption spectra, 
but nhen mixed, in the nght proportions, the ongmal didymium spectrum 
IS reproduced The atomic v eights of the two elements differ but sbghtly 
from one another — ^praseodyimiim, 140 C , neodymium, 144 3 This 
I leminds us of the resemblance between cobalt 68 97, and mckcl 68 68 
‘ Meta-elements — ^In 1887, W Crookes argued very ingeniously that 

the closeness of the relationship between the metab of the lare earths 
makes it probable that these elements are modiiioations of one common 
element. For example, by a laborious process of fractionation, Crookes 
subdivided yttria into some eight components with diffeient phosphorescent 
spectra, but the difference in the chemical properties of the fiaotions was so 
slight that, if it were not for a slight difference in the solubilities of the 
diffeient fractions in ammonia, the fractions could not have been separated 
from one another Crookes pomts out that the ongmal yttnum passes 
muster as an element It has a defimto atomic weight, it enters into 
combination with other elements, and it can be separated from them as 
a whole Rut the searching process of fractionation sorts the atoms of 
yttrium mto groups with different phosphorescent spectra, and presumably 
different atomic weights, though from the usual chemical pomt of view 
all the groups behave alike “ Here, then, is a so called element whose 
spectrum does not emanate equally from all its atoms , but some atoms 
furnish some, other atoms others, of the hnes and bands of the compound 
spectrum of the element Hence the atoms of this element differ probably 
in weight, and certainly in the internal motions they imdergo ” Assum- 
ing that the principle is of general apphcation to all the elements, and is 
limited by our knowledge of tests delicate enough to recogmze the simpler 
constituent groux>s of the different elements, it is inferred that there ore 
defimto differences in the mternal motions of the several groups of the 
atoms of a chemical element The seven senes of bands in the absorption 
spectrum of lodme, for instance, may prove not to emanate tom every 
molecule, but “ some of these molecules may emit some of the senes, others 
others, and in the ]umble of all these molecules, to wluch is given the 
name ‘ iodine vapour,’ the whole seven senes are contnbutors.” Crookes 
thus mtroduced the conception of what he called meta-elements for tliose 
fractional parts of an element which resemble one another much more 
closely than one ordinary element resembles any other The properties of 
the ordmary elements are supposed to be an average of the properties of 
aggregates of several meta-elements 


Questions. 

1 Indicate the pomts of similarity end contrast between the dioxides of banum. 
lend and manganese — St Andrews TJmv 
, ? weight of litharge (on o-ade of lead) is 223 1 The per cent 

of lead 18 92 8 The specific heat of lead is 0 031 Calonlote the exact atomic 
weight of lead — Princeton Umv ,VSA 
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3 Give the names and iormnlas o£ the oxide=> of lead, and describe all that can 
be observed vrhen each of these oxides is heated m an open cmcible From 
1 gram of ono of the oxides of lead, 1 269 grams of lead snlphate can be obtained 
irhich of the oxides is it ? (Pb = 207, O = 16 ) — Sheffield Untv 

4 Starting tvith the metals ton and alumimnm, show how yon would moke 
sodmm stannatc and sodinm olununate , and m what respect the two processes 
differ — Amherst Coll^ U SAL 

5 fVhat substances are formed when tin, iron, and zme are severally dissoli ed 
in hydtochlonc acid ’’ Describe expenments to show that the solutions obtamed 
from tm and iron ate reducing agents, and explain why they differ in this respect 
from the zme sointion — Sheffield Dmr 

6 What would bo produced if tin foil were mtroduced mto solutions of the 
followmg salts, (1) silier nitrate, (2) lead acetate, (3) copper sn^bate, (4) copper 
chlonde, (5) stannous chlonde, (6) alum, (7) feme cblonde ’ Gii o equations — 
London Untv 

7 When iron stands m damp air it rusts 'When lead and silier are exposed 
to air they become tarnished Explam what has token place m each case Do 
these clianges cause any alteration m the weight of the metals * — Aberdeen Untv 

8 Explam the modem processes adopted for the smeltmg of lead from galena, 
and m the desilv cnzation and softemng of the crude metal — Board of Educ 

9 Enumemte the chief sources from which the following metals are obtamed 
leod, tm, copper, and mercurj Describe bneflx the method by which anv one 
of these IS produced from its ores — Aberdeen Untr 

10 Desenbo the extraction of lead from galena and of <nl\ er from argentiferous 
lead How maj the oxides of lead be procined from metalhc lead Andreics 
Unit 


11 IVhcn hydrogen is made m the ordinarj way, to what is the disagreeable 
odour due ■* If tm were used instead of zme, would j ou expect the same odour t 
(Explam from the methed of purifying these metals )— Amherst CoU , U S~A, 

12 Explam how each of the foUou-mg oxides can be prepared Bammi 
dioxide, sodium peroxide, mckelic oxide, lead peroxide What is the action of 
hvdrochlono acid on each of them, and by what chemical behanour can they be 
classified mto two groups ^—London Un v 

13 What 13 meant by the valency of an element ’ How is it determmed » 
fe It alwavs the same for the same element t H not, have anv relationshins 
been found amongst the \alencies of an element t Wliat are the lalencies of 
mtrogen, carbon, lead, iron ■* — London Untv 

14. To determiM the equivalent of lead, Stas converted 103 grams of the 
pure metal mto 164 i lo graufa of pure dry mtrate by evaporation with mtno 
acid Assummg the atomic -^ght of oxygen to bo 16, and of mtrogen 14 04 
Mlculate the eqmvalent of lead The specific heat of lead at 16" was fonnd bv 
^accan to be 0 03 Calc^ate the atomic weight of lead and explam wbv a 
iSTdimT leads to a knowledge of the atoSc weighf — 

15 Select any two i 
in aqueous solution 
lOrOj, ZnSQ,, XaCl, 

KCJIO, — R GaUowat/ 

16 Desenbe what occurs when hvdrosen sulnhide is naisM tmt.t - 

toher acUon) mto solutions of Wcanlc^E Sd 

cWond^ (d) feme chlonde, (e) chromic acid sulpbmo amd ( f) 

(ff) Bulphntous acid.— Oicc/w Call omiujuno aaa, ( / j iodic acid. 




CHAPTER XLH 


The CLASsmcATioK of the Elemexts 

i f 

§ I The Law of Octaves — J A R Newlands 


The pninaij object classification is to arrange the facts so that ■vro can 
acquire the greatest possible command over them with the least possible 


The classification of the elements has long been an attractive subject 
The elements have been classed mto metals and non-metals , into acidic 
and basic, or, what amonnts to the same thing, into electronegative and 
electropositive elements, they have been dassed according to then 
valency , and also according to many other properties. In all these 
systems an element appeared m more than one class , or elements mth but 
few properties m common were grouped together The properties of the 
elements used as the basis of clas^cation may also vary with the conditions 
under which the properties are observed. 

In all chemical changes one property at least remains nnaltered, and the 
more successful ^sterns of classification have been based on this property, 
thp atomic T neig hts o f thp. eletnents The early efforts in this dilution 
ivoro senously hampered by the uncertamty m the numerical values of 
the atomic weights. But after chemists had cleared up the confusion 
associated with the atomic theory left by Dalton, and obtamed a consistent 
Q'stem of atomic weights, the results uere more promising True enough 
between 1816 and 1829, J W Doberemer noticed some legulanties in the 
atomic weights of certam related elements, for he found that most of the 
chemically related elements either eidubited almost the same atomic 
weight — e.y iron, cobalt, and mokel — or else exhibited a constant difference 
uhen arranged in sets of three Thus, selectmg one set from Dobereiuer’s 
list, and roundmg off the modem atomic weights. 


. Atomic W eight xai 

“ Difierence , 47 60 

"Many felt intujtively that the list of Dobereiner’s triads was but a 
fragment of a more general law Between 1863 and 1866, J A. R 2se\i- 
lands published a senes of pajiers m winch he arranged the elements in 
^e ascendmg order of their atoimc weights, and noticed that every 
Weceeding eighth element was “ a kind of repetition of the first ” Thus, 


Calcinni 

40 


Strontinm 

87 


Banuin 

137 


H 

Li 

Be 

B 

C 

N 

0 

E 

3va 

Mg 

A1 

Si 

P 

s 

a 

K 

Ca 

Cr 

Ti 

'Afn 

Fe 
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“ In other words,” said Newlands, “ members of the same group of elements 
stand to each other m the same relation as the extremities of one or more 
octaves m music This pecuhar relationship I propose to provisionally 
term the law of octaves " Newlands noticed that elements belonging 
to the same group “ usually ” appeared m the same column, and he 
declared that all the numencal relations which had been observed among 
the atomic weights “inoludmg the well-known tnads, are merely anth- 
metical results flowmg from the existence of the law of octaves ” 

The “ law of octaves ” did not attract much attention probably because 
faulty atomic weights seriously interfered with the arrangement ^ Similar 
remarks apply to some papers by A E B de Chancourtois in 1862, 
where it was proposed to classify the elements by their atomic weights 
Chancourtois arranged the elements m a spiral Ime accordmg to their 
plttomic weights, and stated les propnefes des corps sont Ics proprietes des 
mmbres Chancourtois’ ideas were so much entangled with ext raneo us 
^ veAiage, and the truth was so much obscured by useless and faulty specula- 
>’ tions, that his work lay buned for nearly thuty years, and it was only 
resurrected after Mendeeleff’s system had become famous 

§2 The Periodic Law— D I Menddeefi and L Meyer. 

The penodic aones la a bnlhant and adecpiate means of producing an easdv 
surveyed system of facts vrlnch by gradnnlly becoming complete •will take 
the place of an assemblage of the known foots — IE Mach 


D L Mendel6e£E and L Meyer, quite mdependently and, so far as we oai! 
toll, qmto m ignorance of Newland’s and Chancourtois’ work, obtained a fat 
clearer vision of the “law of octaves ’’about 1869 Mendelfeff said “When. 
I arranged the elements according to the magnitude of their atomic weights,^ 
beginning with the smallest, it became evident that there exists a bnda 
of penodicitv in their properties ” Otherwise expressed, if the elements® 
be arranged in the order of mcreasmg atomic weiglits, their properlt^ 
vary from member to member in a defimte way, but return more or les^ 
nearly to the same value at fixed pomts m the senes Mendeleeff coni 
tmued “ I designate by the name ‘ penodic law ’ the mutual ielation«f 
between the properties of the elements and their atoimo wmghte thcs<^ 
relations^ are apphcable to all the dements, and have the nature of a| 
periodic- function,” Expressed more concisely, Mendel€eff’s penodid 
law The properfaes of the elements are a penodic funefaon of^ 
their atomic weights The early tables were veiy imperfect for tha^ 
i^ns stated above MendeleefFs tables of the atomic weights wct 5 
desired to tabulate the elemenfa in such a way as to exhibit the greatest! 
number of jelationslups The ongmal tables were afterwards amended! 
fmd modifiM o^vmg to improved data and the discovery of new elemente^ 
^e symbols of the elemenfa with their atomic weights have been arranged' 
on a hehx, on a spiral, and m numerous other ways Table LXi; , not ^ry ' 

^ When Mr Ncwlnndi read a paper on " The Law of Ootnv« » «<■ n 
of the London Chemical Society ux 1866, Prof 6 C Foster amrl that ^ 

' I>enodic function is one whose \oluo rnnpniH , 

Tlie mterval la called a “ period ” P® fa itself at regular intervaK 
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the classification op the elements 

different m style from one of Mendelecffs first tables, is one of tbe 
simplest modes of arrangement, perhaps the best * 

The nme vertical colnmns ate psually styled groups, and the thirteen 
horizontal hnes senes or periods We have abready studied the pro* 
parties of the elements and of their compounds from the pomt of neir of 
this system of classification Onr brief levievrs of the famihes or groups -will 
therefore suffice to emphasize the relationships of the members of any 
given group Each short penod, it will be observed, contains ei^t 
elements, and each lot^ penod either contains mneteen elements of 
which three are the so-called transition elements, or else it has provision 
made for mneteen elements Hyphens are inserted m the spaces where 
the corresponding element is 'unknown The elements in the first short 
senes are sometimes called group dements or bndge elements, smee 
they show a notable gradation of properties from one to the other, and 
serve as bnka or bndges between tbe different groups. The members of 
the nest short penod or senes 3, are called typical dements because 
they have the typical properties and characteristics of the group and 
show a rather wide divergence from neighbonnng groups. Each typical 
element of the different groups diverges mto two sub-groups 

The transitional dememts — ^It will be noticed that there v a disf met 
difference between themembersof the oddandthe even senes The alternate 
ei en series, say the fourth and sixth, resemble one another more closely than 
the successive members of the odd senes, say the fifth and seventh The 
lower oxides of the last members of the even senes resemble in many ways 
the first members of the odd senes Thus tbe basic oxides of chromium and 
manganese are m many ways similar to the oxides of copper and zinc 
Again, there are mark^ differences between the last members of the odd 
senes (halogens) and the first members of the next even senes (alkah 
metals) Those elements which cannot he jlaced in «hort penods fall 
m better with the last members of the even senes and the fir^ members 
of the odd senes. Thus, iron, cobalt, and nickel fall lietween manganese 
and copper both with respect to chemical properties and atomic 
weights 



Ct 

Mn 

Fe 

Ck> 

Nl 

Cu 

Zn 

Atonuc weight 

52 

54 9 

55 8 

59 0 

68 7 

63 6 

65 4 

Specific gravity 

61 

74 

78 

87 

88 

89 

89 

Atomic volume 

. 76 

74 

71 

GS 

67 

71 

95 


so also Ku— Bh— Pd Ag come just after the sixth senes, and 
Os— It— Pt Au after the tenth senes. The mert gases are considered 
to form a kind of transition between the last members of the odd senes 
(halogens) and the first members of the even senes (alkah metals), and 
consequently also, they only occur m the horizontal rows where transi- 
tional elements m the ei^t groups are absent 

The following arrangement, modified from one by T Bayley (1882), 
emphasizes the relationship and yet the mdinduahtv of the subgroups! 
the character of the transition elements, etc * ” 


1 Other schemes ha\e advantages oswcH as disadvantages over Mendelfefra 
there is no special reason why any one should be hero given 
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— Extinct Elements 


J 


This table also emphasizes the fact that while the atomic wciglils of the 
elements progcssively moTcasc, their properties recur at definite intervals , 
no well knoivn elements are omitted from the scheme , intli three c\ccp 
tions the order is that of the atomic i\ eights, and the elements fall into 
virtually the same groups as would have been obtainwl had they been 
j grouped according to their ohcmioal behanour 

Most of the well defined physical and chemical properties of the 
elements are penodio — valenej specific gravity, atomic volume, molting 
point, hardness, malleability, ductility, oomprcssibilitj , coefficient of 
expansion, thermal conductivity, latent heat of fusion, refraction equi- 
valents for light, colour, oleotrieal conduetmtj, magnetio poucr, etc. 
'“Wlion the numorioal values of these properties and the atomic iv eights 
of the elements arc tabulated on squared paper, a otinc is obtained uhich 
IS broken up into periods, es we haio found to be the ease in Eig IIS 
The properties of analogous oompounds of the elements — molecular 
volumes, melting points, boiling points, stabilit\ of the hj droxidcs, colour, 
etc— are veiy often penodio Hie heats of founiition of the chlondes, 
Eig 106, IS a good illustration The specifie heats of the elements are 
unique in furmshing a non periodic cun c Aocorchng to Dulong and 
Petit’s laiv, if X denotes the specifie heat of an element uitli an atomic 
weight, y, we have iry = 6 4 Hus is obiaously a In perbohe not a iici iodic 
curve like Fig 138 

^ 3 The Gaps m Mendeleeff’s Tables of the Elements 
The poriodio law has gi\on to oliomistrj that prophotic power lone roirartlwl ns 
tho peouUnr dignity o£ its sister soienco, nstronoinj — H, O Bomov 

Both Meyer and Mendclccff oonsidcred it necessary to leave gaps in 
their tables for undiscovered elements, and more particularly m order 
to keep certam related elements in tho same i crticnl column Mcndelccff 
boldly iirophesied that tho missmg elements would be discovered later, 
and in wme oases even predicted their properties in considerable 
uetail For instance, when Mendel6off announced the law, there xvero 
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two blank spaces m group IIL, the missmg elements -were called ete 
alummium and eka>boron respectively , and another space below titamm 
m group IV , the nussmg element in this case was called eka-sihcon T1 
hvpothetical character of these elements was considered to be an inherei 
weakness of the law , but the weakness was turned to strength when galhuc 
scandium, and germamum subsequently appeared duly clothed with tho! 
veiy properties which fitted closely with Mendelfeff s aud^ious prognostic, 
tions This hit attracted considerable attention, and serv^ to strengthen tl 
faith of chemists m thefundamental truth of the-penodic law In lUustratic 
the case of eka-sihcon and germanium, is quoted side by side m Table LXI 

Tabi£ LXn. — CoMPABisoi. OT Pbedicted axd Obsebted Peopebties op 

Gebilasiuii; 

j 

Eka sibcon, Es {predicted in 1871) Germamum, Ge (discovered m 1886) 


Atomic weight, 72 

Specific gravity, 5 5 

Atomic \olume, 13 

Element will be dirtj grey, and on cil- 
cmation wdl give a wlute pander of 
EsO» 

Element will decompose steam with 
difficulty 

Acids' will ha^e a slight action, alkahes 
no pronounced achon 


The action of sodium on EsOj or on 
EsEUFe will give the element 

Tho oxide EsO* will be rofractorv and 
liaie a spgr 4 7 The basic proper- 
ties of the oxide will be less marked 
than TiO. and SnO-, hut greater than 
SiOj 

Eka-sihcou will form a hydiwade soluble 
in acids, and the solutions will xeadilv 
decompose formmg a metahydrate 

The clilonde EsCb wIH be a hqoid with a 
boilmg pomt under 100° and a sp cr 
of 1 9 at 0° ^ 


1 

t 

I Atoimc weight, 72 3 
! Specific gravity, 5 47 
I Atomic volume, 13 2 

i The element is greyish-white and on 
' igmtion furnishes a white omde 
GeOj 

^ The element does not decompose water 

The element is not attacked by hydro- 
chloric acid, but it is attacked bj 
aqua regia Solutions of KOH ha\ e 
no action, but the element is 
I oadized by tused KOH. 

, Germamum is made b% the reduction 
i of GeO.-with carbon, or of GcK-F, 
) with sodium 

I The oxide GeO- is refractorv and has 
j a sp gr 4 703 The basicity is ^ cry 
1 feeble 

I 


' Acids do not precimtate the hydrate 
j from dilute a l kalin e solntions, but 
I from concentrated solutions, acids 
^ precipitate GeO. or a metah\ drate 

' chloride, GeCh, boils at 

S6 , and has a sp gr at 18°, I 887 


The fluonde EsE^ will not be gaseous The fiuonde GeP^ 3H.0 is awhite sohd 

’ moss 

Eka-silicon will form a metaUo-orcamc i Gennaninm formt Oa/n ir •> —i, t 

auuwunaspgr 0 96 . gravity dightly less than, water 

. I 

The confirmations of Mendeleeffs predictions of the prouerties of ok-o 
(g»Ito), and of nla-bona (aoandinm) o|Sr a^n 
dramatic achievement focused attention on the geneSlzzatiSbS 
It IS o^j fan: to ^y that the predictions and them subsequent verifiiation 

amnotsuchpositiveproofsofthetruthofthepenodiclaw^ssomr^^S 
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It IS certainly wrong to say, as 0 Winkler did, “ it would be impossible 
to imagme a more striking proof of the dootrine of penodioily of the elements 
than that afforded by this embodiment of the hitherto hypothetical cka- 
sihcon,” because gaps appeared m some of the older systems of classiffoation, 
and the properties of the missing members could have been predicted, 
and the atomic weights estimated by analogy with the other members 
of the family, quite mdopepdently of, and m some oases bettor than, the 
periodic law. 


§ 4 The Apphcations of the Penodic Law 

A natural law only acquires scientific importance when it yields practical 
results, that is, when it loads to logical conclusions which elucidate phono 
mena hitherto unexplained, when it directs occurrences till then unlmown, 
and especially when it oalls forth predictions which may be \eritied by 
experiment — I MENDiiitpr 

Mcndclcoff pomted out that the periodic law could be employed in 
1 The classification of the elements, 2 Tlie estimation of the atomic 
weights of elements not fully investigated , 3 Tlie pi-ediction of the pro- 
perties of hitherto unknown elements , and 4 The correction of atomic 
weights. 

' I The classification of the elements — H Huxley (1864) has 
said “ By the classification of any senes of objects, is meant the actual 
or ideal arrangement together of those which are like, and the separation 
of those which ate unlike, the purpose of this arrangement being to 
facilitate the operations of the mmd m clearly conceiving and retaimng 
in the memory the characters of the objects in question ” The penodic 
^stem IS undoubtedly supenor to all the older methods of classification, 
for the law makes it possible to build up a system of the greatest possible 
completeness, free from much arbitranness, and it furnishes strong 
circumstantial evidence of the correctness of the reasoning employed by 
Cannizzaro to deduce values for the atomic weights of the elements. 

2 The estimation of the atomic weights of the elements — 
On account of practical difficulties, it is not always possible to fix the atomic 
■weight of some elements by vapour density determinations (Avogadro’s 
rule), and by specific heat determmations (Dulong and Petit’s rule), and the 
atonuo weights of these elements were frequently assigned on somewhat 
uncertain grounds According to C L tVinkler, indium has the equivalent 
weight 37 8 The correct atomic weight must be some multiple of this, 
and for no special reason, the atonuc weight -was once taken to be 37 8 X 2 
= 76 6 In that case, mdium would fall between arsenic and selcmum 
where it would be quite mis matched Mcndel^eff proposed to make 
indium 'torvalent, hke aluminium, so that the atonuo weight became 
37 8 X 3 = 113 4, and the clement fell m the table between cadmium 
and tin where it fits veiy well The subsequent determmation of the 
specific heat of mdium, 0 0677, corroborated the change made by Mendel^eff 
in the atomic weight from 76 6 to 113 4. Berylhum, uramum, and a number 
of the rare earths at one time did not fit very well into the table, but 
Hendeleeff s alteration of the supposed atomic weights to make theso 
clcmoiits fit the table wore subsequently justified by vapour density 
determinations of the volatile chlorides, or by specific heat detcnnmatious 
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3 The predichon of the properties of hitherto undiscovered 
elements — ^In order to avoid introducing new names when speaking of 
unknown elemonta, Mendel6eff designated them by prefixmg a Sanscrit 
numeral — eka (one), dwi (two), tn (three), etc — ^to the names of the 
nest lower analogous elements of^the odd or even numbered senes of 
the same group Thus, the unknown elements of group I will bo called 
cka-ceesium, and dwi-ctesium Were strontium imknown, it would bo 
called eka-caloium In addition to the prediction of germanium, galhum, 
and scandium already discussed, Mendeleeff foretold the possible discovery 
of eka- and dm-csesium , eka-mobium — ^En = 146 , of eka-tantalum — 
Et = 235 , of dwi-tellurium— Db = 212 , and of the analogues of man- 
ganese eka manganese — ^Em = 100 , and tri-manganese — ^Tm = 190 

The case of the so called mert gases is of mote recent date The 
discoveiy of argon and hehum could not have been predicted from 
Mcudeldeffs periodic law, but after these elements had been discovered, 
accommodated m the periodic table betiveen the strongly acid halogen 
family and the strongly basic alkah metals, the probable eastenoo of other 
sinulai mert gases was mdioated. When an exhaustive search was made 
krypton, neon, and xenon were discoveied with properties and atomic 
weights which could have been predicted from the arrangement made foi 
argon and hehum m Mendeleeff’s table 

4 The correction of the values of atomic weights —If the 
atomic weight of an clement does not fit with tho regular coui-se of, say, 
the atomic volume curve. Fig 138, the atomic weight is probably m error" 
Thus, the atomic weights of platmum, indium, and osmium at that time 
were probably too higb, and subsequent dctciuunations venhod this 
lufeience Thus the atoimo weights of these olemeuts W'cre 


Flntinum 
196 7 
106 2 


Indiam 
196 7 
103 1 


Osmium 
198 6 
190 D 


In 1870 
In 1912 

^ero are also some misfits m the table as we have it to day, owine 
to the fact that at least three pairs of elements would bo mis-matched if 
they were snnply classed according to their atomic weights argon f39 881 
and potaaaum (39 10) , cobalt (58 97) and mckcl (68 68) , and tcllnrram 
iodine (120 92) The case of lodme and tellurium has been 
Btu*^ very clo^ly Iodine most certauily belongs to the same group 
as the other halogens, and tollunum to the selemum group and these 
Clemente are accordmgly placed m these groups m spite of the fact that if 
their atomic woiighte were alone , considered tellurium would be ranked 
and lodme. with selemum - B Brauner supposes that 
ordmary telluiaum is a complex contamifife a. and fi-teUunum but 
teUurium has been melted, subhmed, oxidized, hydrogenized, phenvlated 
^Molved, crystalbzed, and precipitated, yet nothing but foilaro liajJ 
aB attempts to an atemto ™,gfit Wet thin * 

(p 82), faith 111 the law has led chemists to allocate these discordanf ^ 
elements acTOtdmgto then chemical propertios andnot accordmg to their 
atomic ireights Thia pmHiod moat he dubhed “ onsoienliao,” ? tatthc ■ 

rr “^‘ •"'■““a 

did not agree ^vitli Bodo’a law ^ Tljo inw "* discovery of Neptune 
13 now regarded as a curiosity ^ accordmgly abandoned and it 


2p 
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ououmatantial ovidenco justafies the procedure, in the expectation that a 
consistent system iviU ultimately grow from the tnith and error engrafted 
mto the “ law ” It is not very probable that the pimciple undeiT^g 
the periodic law will bo abandoned because it is founded on a vast 
assemblage of facts of different lands , .and because it seems to be plastic 
enough to fulfil subsequent requirements 

§ 5 Some Defects m the Penodic Law 

The allocation of hydrogen m the table, os already mdicatcd, is 
difficult, because hydrogen seems to be without companions It is um- 
valent, and thus falls either with the alkah metals (D L Mendeldoff) or 
■with ^e halogens (0 Masson) Hydrogen is electropositive like the 
alkah metals, but it is certainly not now considered to be a metal It 
can be displaced by the halogens from the orgamc compoimds, and it forms 
hydndes with some of the metals not at all unlike the halogen salts Thus 
the position of hydrogen has not been defimtely settled. Lideed, hydrogen 
'appears to he a “ rogue ” dement qmte out of place in the general scheme 
Some suppose that hydrogen is a member of a senes of mdependent 
elements yet unknown , the supposed last member of the series is called 
“ proto fluonne ” , so also the elements “ proto berylhum ” and “ proto- 
boron ” have been invented, the former with an atoimo weight 1 33, and 
the latter, 2 All this, however, is mere speculation 

There is a difficulty about the allocation ^f _the rare earths 
Most of them could be distnbuted about the table accordmg to their 
atomic weights, or they could bo relegated to a class by themselves 
B Brauner, who has made a special study of the rare earths, considers that 
they should all be grouped together with cenum so that “ Co, 140 25 ” in 
the table stands foi* 

Ce, 140'26 } Pr, 140 6 ; Nd, 144 3 , Sa, 160 4 , Eu, 162 , Gd, 167 3 { Tb, 160 2 , 
Dy, 16^ Er, 107 7 , Tm. 108 6 , Yb, 172 0 

This has been called me asteroid theory of the rare earths The properties 
of the rare earths, however, are not well enough known to give us much 
confidence m the vanous proposals which have been made for dealmg with 
them , and consequently, Mendelteff considered that the installation of 
these elements should be deferred The better known elements of the rare 
earths fit well enough mto the table, thus, ytterbium— Yb, 172— fits mto 
group in , series 10, etc 

t If the properties of the dements are dependent on their atomic weights the 
^existence of two elements with different properties and approximately the same 
1 atomic weights should he impossible Hence the difficulty with elements 
hke cobalt and nickel , ruthemum and rhodium, etc The peculiarities 
of these elements would never have been suspected from the periodic law 

Some elements are allocated places in the table according to their 
atomic weights m opposition to their properties For mstoncoj c oppe r, 
silver, and gold^f^ mto one group ivith the alkah metals. The-tnvalency 
of gold appears tc be unoonformable with the valency of its compamons 
although in its present position the senes Pta^, Audg, HgClg, and TlCl 
is suggestive Thalhum is very like lead, but its sulphate and some 
other salts are quite different from lead salts At least three pairs of 
elements have been placed accordmg to their properties irrespective of 
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theiT atomio weights, as mdicatcd by the “ misfits ” mentioned in the 
preceding section 

Some elements •which appear to he chemically similar are separated 
in the table Por example, copper and'metetiryT's'I^er and-thalhilnl ; , 
bann m and lead r etc The xwsitiofi of these''elements“m -the table gives 
no'liTnt of these characters Still, it might be argued that these elements 
exhibit many essential differences Thus the physical properties of mercury 
and copper, and the properties of the cupnc and mercuno chlorides and 
sulphates show great con’trasts. The stabihty of cuprous and merouroua 
chlondes is also very different Lead and banum peroxides appear to 
have a different constitution The •unstable thalhum sesqmoxide, TUO 3 , 
corresponds mth the other — ^more stable — sesquioxides m the group, but 
there are many important pomts of resemblance between thalhum and the 
alkah metals, and between silver and lead 

G Wyruboff (1896) has the idea that the penodic ^stem is " a very 
interestmg and highly ingemous table of the analogies and the dissimilarities 
of the simple bodies — a mere catalogue ratsonne of the elements ” , and 
further, “ smee the laws of nature admit of no exception, the penodic 
law must be considered as a law of nature definitely established nhicb 
must bo accepted or rejected as a whole ” Wyniboff’s proposal to reject 
the penodic law is somewhat precipitate, for we do not feel quite satisfied 
that the supposed misfits are not due to defective kno^n ledge There is a 
distinction between “ failure ” and “ mcomplete success ” 

a ^ 

§ 6 The Unitary Theory of Matter. 




Cliemistry marches towards its goal and towards its perfection by dividing, 
8ubcU\ndmg and subdividing still again. — A . L IiAvoisie&, 1789 
Sinipbcity is the soal of truth * Ntttnre is wonderfully simple, ond the chnrac 
to^io mark of a cluldhke simphcity is stamped upon all that is tmo and 
noble in nature — SENDiYocnrs (1650) C - , , 

3 , I ( 1 

' Belief in the simphcity of nature is not logic blit faith pure and simple 
It IB one of those insidious and dangerous iaat assumptions which often 
creep mto scientific theones Tacit assumptions are “ dangerous ” hecause 
^ey are usually made nnconscioudy, so that they appear to be self-evident 
tilths, and prevent our harbounng the shadow of a doubt of them insidious 
.character True enough, as H Poincare has said “ Every generalization 
supposes in a certain measure a behef in the simphcity of nature 
every law is considered to be simple until the contrary has been proved ” 
but faith m this d^a has sometimes led men astray In consequence 
hypotheses have frequently flonnshed in spite of expenmental ewdence 
to the contrary It is not at all uncommon to find a "law” which 
app^rs to be quite simple, when the methods of measurement are 
crude and apprommate, becomes exceedingly complex when more accurate 
data ire available We have foimd this to be the case, for instance with 
Boyk B Ian, (Charles etc Another example inll now be given ’ 
fn ^ marked tendency among the earher Greek j^osophers 

to j^^ate one single kind of matter a vptirv Ckv— /proteLfiwff 
matter-or prunal element This pmm materia 
wi^sup^^ to conmst of parts which when gmnped^ffeS 
produced the vanons kmds of matter considered by them to be elemSl 
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Tlie hypothesis is sometimes called the unitary theory of matter 
all the different forms of matter in the universe are derived from one 
and the same_pnmordial clement. 

The philosopher Anaximenes regarded air as the primal clement 
Heraklcitos, fire, Phcrekidcs, earth, Proiit, hydrogen, and modem 
ohemical philosophers, electrons, and possibly letlver Thales of ILlctus, 
who flourished in the sixth century bo, consiilered that water was the 
first principle Thales’ doctrine had manj suppoitcis — J B vanllelmont 
(1082), etc — ^it lived for nearly tn entj' five centuries , and i< w ns demolished 
in 1770 when Lavoisier demonstrated that water cannot bo changed into 
earth (p 2'5) 

In 1815 and 1810, W Proiit tried to show that the atomic weights of 
the elements were exact multiples of the atomic weight of liydrogen, so 
that an atom of any clement must weigh a certain number of times ns 
much as an atom of hydrogen Hence added Proiit, “we may almost 
consider the irpcJnj iiXij of the ancients to be it alwed in by drogen ’ Accoixl- 
ing toP rout’s hyp othesis, t he ele ment s ye different aggregates, of ■i he 
atorns oj^primordiarhydrogen^riQiat'ji^' tKa-different-elementg are 
^lyi ners^of h ydrogen , in consequence, within the limits of experimental 
errorflhe atomic" woiglits of the diffeient elements should bo expressible 
by whole numbers when the atomic weight of hy'drogon is unity 

Many ivTitcrs attractwl by its appaiont simplicity gave unqualified 
support to Prottt’s liypothcsts , but an impartial royiew of the facts with 
veiy much more icfintd data than yiert ayaiilnblo in Prout’s day, led 
J S Stas (1800-1806) to state “ I hay eamyed at the absolute cony ict ion, 
the complete certainty, so far ns is possible for a human being to attain 
to certainty m suoh matters, that tlie law of Prout is nothing but an 
illusion, a mcro speculation definitoly contradicted by cxjiericncc ” Many 
have tried to reconcile Pixnit’s hypothesis with facts by changing 
tho standard of rcforonco to an imaginary primordial element with an 
atomic weight equiyalent to half an atom of hy drogen (C Mnrignac, 18-t I) , 
then to a quarter of an atom (J B Dumas, 1860) But liaving once begun 
to divide the hydrogen atom, there w ns no limit to the process of subdiyosion, 
and the hyqiotliesis could then bo made to fit any' conceivable set of atomic 
weights This tinkering with Prout’s liyTiothcsis brought it, for a time, 
into disfavour — 

The elements, as yvo have seen, are substances yvhich hay o never been 
resolved into simpler substances , wo did not say that the elements could 
never be decomposed into a more pnmitne form (or forms) of matter 
[The atom of an element can be defined as a substance whose parts 
!are held together by a force superior to any which has yet been 
brought to bear upon it Tlio elements liayo hitherto proved un- 
decomposable, but it is quite conceivable that they are not absolutely 
undcoomposablo Muoh circumstantial oyndenoo has accumulated in 
recent years wluch makes it increasingly difficult to behove that Dalton’s 
atoms are absolutely indivisiblo, and to deny that all tho difTercnt 
elements have been formed from one homogeneous simple primal form of 
matter yvhioh G Hinriohs has called pantogen (1867) W Crookes, protyle 
(1886) , and J L G Meincoke, urstoff (1817) It has been said that 
protydo “is matter generalized, stripped of its distinctions, tho same 
from whatever source derived , it is matter m potency rathci than ui 
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act , intangible, inaccessible to sense perception, probably indifferent to 
the solicitations of gravity ” 

The idea that aU the diifferent forms of matter represent different stages 
in the growing complexity of one single elemental form of matter, has 
haunted the human mmd from the earhest times, and the belief that 
“ umty is the law of God,” or that simp lex yert stgilltm, has proved sc 
peculiarly fascmatmg that a remarkable number "of speculations have been 
spun about tins theme These mgemous and subtle ^sterns are admirabk 
works of art, but they are outside the realm of science so long as the evidence 
on which they are founded remains mtgpgible and vague In recent yeare 
still another hypothesis is claimed to have been woven with circnmstantia 
evidence which is rather more substantial than the mcomprehensible 
fictions of the metaphysicians, for it can be exammed and tested by com 
panson with gross matenal facts It is supposed that the elements have 
been developed by the condensation of a primitive form of matter , and 
that the different elements, as W Crookes expresses it, have been evolvec 
by a kmd of struggle for existence where elements, not m harmony witl 
their environment, have either disappeared — ^em&nts — or have 
never existed , where elements — asteroidal el&nenis — have come mto bein^ 
and survived only on a limited scale as is the case with the rarer elements , 
and where other elements predommate because the surroundmg condition! 
have been favourable to their formation and preservation, e g the commor, 
dements This circumstantial evidence can now be outlmcd 

I Why do so many atomic weights approximate to whole 
numbers ?— The Litemational Table of Atomic Weights, 1916, contain! 
83 elements, and of these, 43 are integers withm one-tenth of a umt Thu 
fact has nothmg to do with Prout’s discarded hypothesis, but the number! 
are facta which can hardly be due to chance, because the probabihty o] 
this occurring is exceedmgly small— somethmg like one m 20,000 milbnn a 
It IS aigued tliat the approximation of the atomic weights of so manv 
elements to whole numbers cannot bereasonably attributed to a fortmtom 
comcidence 


2 do so many groups of the elements esJubit family relation 
ships ? If the elements are totally distmct and mdependent of one another 
it IS exeeedmgly difficult to reconcile the regulanties and ftnn.1ftg]P,a of th< 
elements in different groups revealed by a study of Mendeleeff’s law, tht 
mam charactenstio of which is relationship The penodio law dimly fore 
shadows an ideuti^l ongin or common parentage of f amihes of elements ^ 
study of the alkah metals, the metals of the alkahne earths, the haloeens 
etc , makes it higUy probable that the different elements of one family a1 
‘least, have been formed by the conglomeration of monads or atomicule! 
fomed of the same primal matter so as to build up ordmary atoms oJ 
different sizes or shap^, that the evolution has progressed fmm homo 
gmeity to heterogeneity In other words, said O R A Wnght (1873) 
the ro-caUed elements are allotropic modifications of a pnmitne matter 
and they differ from one another m the amount of latent energy they contnu: 


Etrlicno 


CjIL 

Molecular weight 28 



Butone. 

fiO 


Pontene 

CjHjo 


70 


Hovene 

CeMis 

84 
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apparently by the polymerization of nn inoreasing number of CHn groups 
Tins senes nsesm a similar manner to nearly CaoHjg, -with a regular inorcaso 
of 14 in the molecular weight Doberemcr’s Inads too hn^ o emphasized 
similar “ constant ” differences m the atomic weights of related elements 
Hence, aigued D Camella} (1885), if a body we Imon to lie compoimd can 
play the part of nn element, there is some plausibility in the suggestion 
that tlie elements thomsches arc not absolutely simple 

3 Why are closely related elements so often associated together 
in nature? — Chemists haio long been struck nith the peculiar naj 
certam elements occur m the half mile crust of the earth Although no 
disturbmg agent has been recognized at work m nature •whereby the 
different kinds of olcincnts are sorted like to like, jet certain groups of 
elements nearly nlwaj's occur m juxtajxisition These mdnudiial elements 
are not plentifully distributed, and they arc not easy to separate from 
one another — pares cum paribus factUtmc eongreganfur For e\am])lo, 
cobalt IS perhaps never quite free from nickel, and i ice tersA , sdi cr is 
almost 1111 anably associated •with lead ores and mth gold , cadmium •with 
zinc ores , selenium •witli the sulphur of pyrites , the members of the 
two groups of the platinum elements , and the rare earths Tlicse nssocin* 
tions and co mi^rmgs cannot be entirely duo to chance, for these elements 
are neither plentifully distributed nor have they anj marked ohcmical 
affinity for one another Consequently, it has been suggested that the 
elements m question were formed from some common matcnnl under 
almost identical conditions, and where slight variations in the conditions 
led to the almost simultaneous formation of closely related elements 
Eti^ Yironinont . has..dqtormmcd the -path of the evolu tion of the qleni£ii|B 
Additional circumstantial evidence for the unitniy theory has been 
obtained from (4) the grouping of the spectral lines* (p 810) , {’i) the 
magnetic perturbation of the spectral Imcs (p 821) , (0) the phosphorescent 
spectra of the meta elements (p 804) , (7) spectra of the stars and nebulm 
(p 822) , (8) electric discharges m nllcnmitcd gases (p 820) , and (0) 
radioactivity (pp 834 c/ seq ) Tins oiidcncc mil now be reviewed 


§ 7 Evidence for the Unitary Theory from Spectrum Analysis 

Tho final impr^ion our mind recencs on contcinpintinp tliwe fundamontnl 
relations is that of n wonderful incchnniBin of nnturo, the functions of 
■wliicli nro porfonned with ne\er fading cortnmtt, thoiich the mind can 
onl> fo low them with difficulty and with n hum hatine scMO S the m 
completeness of its perception — J J BAutEn b 


Accordmg to modem thcones, elaborated m text-books on physics, 
hght IS produced by pcnodic vibrations of the tether, and light wa\ca 
m the tether can be inau^ratcd bj the motions of voiy small particles— 

frequency i Each particle 
tiij^ ® "ght frequency can set up the pcnodic xubra- 

f which we caU light The eye only rccoCTizes as hght 

rether ranging between the extreme S end of tlio 
visible spectrum (wave length 81 milhonths cm ), and the extreme violet 

clilonno (p°2M)**iB'attetfded'b\*^ energy by, say, insolntcd 

tho chlonne molecules nnd tlmt tlm ^ *** ^ ' ibratorv motion of tho atoms in 

m tho moCn « transmuted into nn mcrenso 

and other plicnomonamdioatcdonp *116**^ ^^**°’* tempornturo 
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end (•wave-length 36 millionths cm ) The different -nbrations are 
“ sorted ” by a glass pnsm (p 364) as spectral bands and hnes or a complete 
spectrum Each particular band or hne is an effect of the penodio vibra- 
tions of the particles The constancy of the spectral lines m the spectrum 
of a gas shows that the motions of the -vibratmg particles must be remark- 
ably regular The penod of vibration of the particles, os revealed by the 
spectroscope, conditions a chemical property "which m the opimon of R 
Bunsen is as constant and fundamental as the atomic weight of the 
element, and which may be detenmned with almost astronomical exacti- 
tude, mdeed, m 1900, the Ihtemational Congress m Pans accepted a 
proposal by A de Gramont that no new substance be recognized as 
an element until its spark spectrum has been measured, and shown 
to be different from that of every other known form of matter. 
The large number of spectral lines m the spectra of many elements, e g, 
iron, sho'ws that the vibrations which give nse to the spectrum murt be 
remarkably complex Accordmg to J N Lookyer, the hnes are connected 
with the different -vibratory powers of different portions of an atom lii 
other •words, an atom is a complex aggregate of particles , and hence H A 
Rowland was led to say that a grand piano must be a simple mechanism m 
companson with a -vibratmg atom All this is supposed to imply that the 
spectral hnes are due to the -vibrations of particles smaller thn-n the atom, 
and that the atom itself is a complex system mad e up of^ viKrating 

. p 894) indeed, itmo cp7taideref?to.,6-e-<t.Aind 

in ns omJiny^pmi^This recalls the speculation of p 121, where the 
mdmdual atoms -were supposed to wlnrl rhythmically m mmute orbits to 
form molecules, much as the planets m the solar system revolve about the 
sun The idea is qmte an old one S Brown, for example, m 1843, said 

The atom ib by no means essentially or even potentially indivisible There is 
a possibility and hkolihood that withm the atom is another nameless world of the 
^verse Under the sky of the atom proceed worlds of material existence as 
muerent from atoms os atoms from compound particles , os compound particles 
^m cr^tal shapes , as crystal shapes from stars and planets , as stors and planets 
worn solar systems , or os solar systems from firmaments ^ 

pe homologous grouping of the spectral Imes —At first glance, the 
speotml hnes of a given element seem to be so complex that any attempt 
to reduce them to order appears to be hopeless The spectrum of iron, 
for instance, contams over 4000 hnes G J Stoney (1870) noticed a sem- 
blance of order m the spectrum of hydrogen, and J J Balmer (1886) found 
that the wave lengths of most of these hnes can be computed if whole num- 
bem be substituted for m m a formula of the type —41 anrl 

thet^v^nSiuit Of the 

29 known hydrogen hnes is accurate to about one part m 100,000 Thus, 




Ha 

3 

0504 07 
0504 00 


H0 

4 

4862 03 
4862 03 


Hy 

5 

4342 00 
4341 00 


HS He 

6 7 

4103 11 3071 40 

4103 10 3971 40 


Wavelengths{gjj£‘f 

analogous laws m the spectra of other elements, it was 
1 apparently chaqtio^spectra can be resoled iS 

a number of regular senes superposed one oh the other Thus, the spectial 


'n 7 
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lines of the elements can be arranged m groups or senes Tlie 
spectrum of helium, lor example, can be resolved mto eight Euch senes, 
each of which has hues which show a regular decrease m mtensity with 
vibration frequency Oxygen has a spectrum with six supeiposed sets of 
hues , hydrogen and the alkah metals have each four such senes The 
metals m question have monatomic molecules, and hence it mevitably 
follows that the atoms have a complex constitution, and that the spectr^ 
Imes are not all produced by the vibrations of the same lund of 
particles , atoms are complex aggregates of vibrating corpusdes 


Although the spectrum of each element is charaotenstic of that element 
and of no other, yet the sp^trum o^eaoh of the five alkah jnetals.caiube 

^fSblved mt o four homologous senes such that 
Red end Violet end ove^hne mjme.spwtrum^ represented by 

— ajDorresponding hne,on all^the other spectra, 

and generally, tiie spectra of relied elements 

Rb form natural or homologous groups Tlie 

corre^ndmg lines do not necessarily all occur 

Vrr, dne t XT “1 the visible spectra, e g the dark red Ime of 

mologoua SnectoT of ?he ***° rubidium spectrum corresponds with a hne 
Alkali Metals Spaced ao "ui the ultra red m the other spectra , and the 
cording to their Atomic yellow Imes of the sodium spectrum are homo- 
WeightB (C Runge, 1912) logons with Imes m the ultra violet spectra of 

the other elements The spectra of related 
elements seem to be subject to a law of homology which is closely 
connected with their atomic weights Each senes of homologous hues 
c ontract m passmg from one eiemeht to aiinTlief^ffiiarnyfhB 
lines at the end of the sp^tJSSlippear 
' ^rther apart, and at the violet end, to draw closer togethS'" 

Thus, by Iwpiesentmg the spectral Imes of the alkah metals by dots, 
Eig 305, so that their limits at the violet end comcide, it will bo seen 
that the Imes of this particular senes contract m passmg from hthium to 
ciesium, and the relation between the contractions and the atomic weights 
of the elements is shown m the diagram by makmg the distances between 
the Imes represent the magnitude of their atoimc weights 

There is thus a family likeness between the sjiectra of related elements, 
ft j « connection has been traced between the atomic weights and 
the differences m the vibration frequencies of the hnes m the members of a 
w t of elommits The atomic weights of groups of related elements 

with their related physical and chemical properties differ by fixed defimte 
values, ^d the spectra of these elements show that tho masses of then- 
atoms affMt their rates of vibration m a sumlar manner This is taken 
to m^n that not. only is an atom, of^an dement a complex composed 
of different aggregates of,partides, butjthe atom^^’ ^led'^emSiS 
similar aggregates of particles, and the o^^eB 
dif^imes m the spectra of allied elements results from differences m the 
way these aggregates are arranged m the atom 

,, elemmts..have been calculated fmm 

the speotraTlMf tlie sS^KMlcnmnimn^irBe^^ 
imiis and the stronger Imes of the radium spectrum are analoco™ S 
the stronger hues of the spectra of the other elements of the saJe fanuly 
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The two lines of each of the three parrs are the same distance apart for 
any one element, but the distances apart of the Imes m passmg from one 
element to another mcrease in a regular manner with inoreasmg atomic 
weights Thus 

Magnesium Calcium Strontium Banum 
Atomic weight 24 36 40 1 87 0 137 4 

Distance 91 7 223 801 


1091 


Badmm 

? 

4858 Oumts 



By plottmg the atomic weights as func- 
tions of the distances between the Imes, 
extrapolation furnished C Runge and J 
I^ecEr^ISOS) an approximate value for 
the atomic weight of radium The ex- 
trapolation IS easier if loganthms of the 
atoimc weights and the distances apart 
of the hues be plotted The graph for 
a group of chemically related elements 
then hes m a straight Ime, as mdicated 
mFig 306 Lecoq de Boisbaudran (1886) 
evaluated the atomic weight of gallium 
and of germamum by a similar method 
Theaaction^of.a-tnagnetic-iield on. 
the spectral lmes;:-:Zeeman’s effect — 

P" 2eeman (1897) found that the yellow Ime characteristic of the 
spectrum of sodium is displaced or “ perturbed ” because it is split into 
two separate and distmct hues And generally, the Imes m the normal 
spectnim of an element are usually broadened mto doublets, triplets, 
sextets, octets, or still more complex groups The effect will be evident 
from Eig 307 Different Imes of the elementary spectra are perturbed 


Fio 306 — ^Relation between the 
Atomic Weights and the Dis- 
tance apart of the Spectral Lines 
of the Mg CaFCmil} of Elements. 




Zn Cd 

4BB04678 Units 



Ma^ngtrsaCionl 
X&senb I 

/Waj^hecisationj 
Presents ( 

''3 "4 "5 

Eig 307 — Effect of Magnetic Eield on the Spectral Lines of Zinc and Cadmium 

— Zeeman’s effect 


in different ways — some Imes, ongmaUy smgle, may remam smgle , others 
give rise to doublets, tnplets quartets, octets, etc There is a eertam 
pathetic mterest attachmg to this phenomenon because it is said that the 
last expenment made by M Faraday (JIarch 12, 1862) was an attempt to 
find if any spectral change could be detected when the source of the hght 
IS placed m a magnetic field Faraday’s expenment failed because the only 
available magnet was not strong enough The perturbation of the 
spectral„lmes in a strong magnetic field is supposed tV beHue to 
alterations., m the mode of , vibrations .^of the sub-atomic particles 
under a magnetic stress The observed dr^locement deprads on the 
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strength of the magnetic field If the spectrum be produced by the vibra- 
tion of atoms of the same kmd, it would be difficidt to e^lam why the 
mode of vibration of atoms of the same kmd can be altered m this way 
It IS more reasonable to suppose that the different effects produced 
j. by a magnetic fiield 6n the different Imes of the spectrum of a 
A substance are due to tlie presence of different kinds of particles 
f m the incandescent element This simply means that at the high 
temperature of the luidmous object, the atoms of the element are chs- 
sociated into simpler “ sub atoms ” or corpuscles which are probably 
{leleotnfied when thej' are called electrons Owmg to the fact that corre- 
spondmg Imes m the spectra of related elements— dor mstance, magnesium, 
jzmc, cadmium — are sinularly affected so that groups of hues m the different 
u spectra undergo the same modification, it is inferred that the vibratmg 
^corpuscles which produce the Aj, Aj, Aj, Imes m the spectrum of 
Jzino are the same as the vibratmg corpuscles which produce the A^, Aj, Ag, 
hues m the spectrum of co^ium, etc Hence, not only is an atom 
<ia complex association of different corpuscles, but the atoms of alhed 
P elements probably contam certam groups of corpuscles, or sub atoms, m 
I common “ These observatioM,” said T Preston (1890), “ lend some 
5 s uppor t to .tlm ante^ined me rely a s a spconlation, flint all 
I t lfe. y:an ou^i ^ dar^~mat£e^ ' all 'the'* ' various so called elements , m ay be 
t b uilt upm spme wa y ofjbhe sameiundapiental, substance ” 

The spectra of stars and nebulae — ^The nature of the spectrum 
of an mcandescent body depends upon the temperature (p 360) , and smee 
the spectra of many elements have been observed at several different 
temperatures, it is possible to get a rough idea of the temperature of any 
incandescent element from the appearance of its spectrum For mstance, 
the flame spectrum of sodium has two yellow hues close together, while 
|the sp"^ spectram has a pair of Imes m the orange and m the green , the 
>flame Spectrum of thallium has a smgle green hne, and the spark spectrum 
has m addition some bands m the violet This fact is explamed by the 
assumption that at the higher temperatures, the atoms of on element 
are aggregates of sub atoms, each of which has its own charaotenstio mode 
of vibration The spectra of the ncbulro, stars, and suns thus enable 
rough approximations of their temperature to be made 

The sun, stars, and nebuke, says A. M Clerke, form so many celestial 
laboratones where the nature and mutual relations of the chemical elements 
may be tried by more strmgent tests than sublunaiy conditions afford In 
<■ the very hottest stars ^ (estunOted tempeSitufe 26,000°)— c g j3 Crucis— 
, comparatively few chemical elements can be detected, while m the cooler 
red stars— c g Betelgeuse— the number of spectral hues is comparatively 
laige and a large number of elements are present New elements appear 
to be introduced at each stage m the coohng of hot stars, so that elements 
winch were non exiBtcnt in the hotter stars make their appearance on the 
cooler stars , and a few elements disappear in passmg from the hot to the 


we are told thot the nebnla are the 
8*^ ore made, and that m their forms, aggregations and 
condonsaUons, the process of evolution of stars and suns can ho traced The nobulto 

+ cold meteono stones which 

gi^BdunUv gain heat os they clash together until finally they are converted into 

vo^ ^8»»co the cooler stars are either 

young or old, heatmg up or ooolmg down. The hottest staia are in their prim?, 
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cooler staiB In the hotter stars little more than hydrogen can be detected, 
then follow hot stars with calcium, magnesium, and a few other elements 
Buperadded , then come cooler stars with more complex spectra Qorre- 
spondmg with a greater variety of elements The planets, of which our 
own IS a type, are among the cooler orbs H the difierent suns and stars 
be arranged m a senes, I3ie order of the appearance of the element^ 
in the cooling stars is approxunately the order of their increasing 
complexity as deduced from the magnitude of their atomic weights ^ 
The hghtest elements alone appear in the hotter stars These facts fit 
veiy well mto the h 3 ''pothesis that the matter of which stars ate made, 
passes through a real change m the nature of the constituent elements, and 
that there is a progressive tendency of the elements to assume more stable 
forms m passmg from the hotter to the cooler stars This correqjonds with 
the assumption that the atoms are built of particles which form more and 
more complex aggregates as the temperature falls Carbon is an exception 
It has a low atomic weight, and yet it appears comparatively late, but the 
non-volatihty of the sohd element shows that the molecule is probably 
complex Calcium (atomic weight 40) appears before sodium (atomic 
weight 23) , this may he due to the fact that the stabihty of the ^stem of 
corpuscles which form an atom not only depends upon the number but 
also upon the mode of arrangement of the corpuscles In a general way, 
however, the elements appear m the coohng stars m the order of then 
mcreasm g.a toimc^wmgfits TBe'stare^iiisy thus bVarranged m groups 
corresponding with different stages in their development The hj'-drogen 
and hehum stars pass by msensible gradations into stars of the solai 
type, and finally into the deep red stars Thus, J N Loolg^r (1887] 
states that 



1 6x>ectruin 

1 

Tempera- 

ture 

j 

Appearance of the elelnents 

Gaseous stoiB 

Longest 

Higliest 

Hjdrogcm, bebum, astenum (a gas not 
known on eartb} 

SletsUio store 

Slediom 

Medium 

1 

(a) Feeble spectrum of bebum and hydro 
gen , magnesium , calcium , sibcoz 
and oxygen 

(b) No gases of tbe bebum family , iron 
manganese, nickel, copper, etc. 

Carbon stars 

Shortest 

Lowest 

Carbon and compounds of carbon 


Astronomers consider that the different stages in the evolution of 
adereal systems cannot he demonstrated by the slow coohng of a ewgU 
^ar, because the span of human life relative to the duration of cosmioal 
events is far too short to enable the different stagesTo'be foITowed in 
suec^sion , these different stages can rather be followed by arranging the 
different nebulse m a senes so as to show all gradations, from a diffuse 
lummous haze to stars with famt nebulous halos The spectra of the 
gaseous and presumably younger nebul® consist of three Imes correspondmg 
with hydrogen, hehum, and some unknown elements— the great nebula m 
Onon is usuaUy given as an example As the nehute grow older and more 
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compact, more lines corresponding with other elements appear These 
spectra are supposed to represent clusters of corpuscles more stable than 
the re^ Hence, according to J N Lockyer’s evolution hypothesis, the 
spectra of a properly arranged senes of stars and nebulic ^ mdicato that 
^'jthe chemical atoms have grown during the cooling of the primal 
’ ultra-atomic gas much as visible ram drops grow from invisible 
water vapour Before hydrogen appeared, a whole senes of lighter 
elements were probably formed bj' the gradual condensation (polymenza- 
tion, etc ) of the coolmg “ fire mist,” and then passed mto the heavier and 
more complex elements os the temperature fell still lov er From a chemical 
jiomt of view, therefpre, the cooling of the pnmal matter has resulted m the 
formation of a succession of poljuners (1, 2, 3, )t], Mhere t] is the 

density of the hypothetical pro^le The polymcnzation may also proceed 
in successive stages A — (1, 2, 3, )x, B = (1, 2, 3, )y , 

0 = (1, 2, 3, )s , whore x, y, z, represent the densities of 
simple forms of matter These complexes mute to form the senes 

Alt, Bm, Cp, 

AB, BO, 

ABC, 

where «, m, p, are mtegers Tlic light elements — astcrium, eormittm, 
nchvilium, etc — ^which appear to lie present in some of the more attenuated 
nebuloi, and m the hotter stars, have probablj' long smcc r anishcd from the 
earth We infer their CMstonco from their ohamotenstio spectra Helium 
was once moluded in the hst of hght stellar elements unknown on earth 
(p 506) 

Summary — ^Tho hypothesis which is supposed to correlate these and 
other facts may norv be outlmcd Long before the earth mbs formed, it is 
supposed that a kmd of ultra gaseous protj lo was suflused tliroughout 
space, and, ahat has been called the “ temperature ” of the protyle, vas 
mconceivably hotter than anj'thuig at jirescnt knoim on earth In course 
of time, some process, akm to “ coolmg,” reduced the “ teinporaturo ” 
of the protyle so that it nas condensed mto matenal atoms TJie simplest 
elements most nearlj allied to the protyle nould naturally condense first — 
thus, hydrogen and helium with their Ion atoimc n eights n ero bom Tlien 
folloned the elements next m order of complcxitj imtil finally uranium or 
radium was bom Wo do not know an element mth a greater atomic n eight 
and presumably a more complex structure If the ideas developed m the 
next chapter approximate to the tmth, even this element is not stable, and is 
slowly breakmg down mto simpler more stable forms As the temperature 
fell still lower, the earlier formed elements nould unite among themselves 
md produce chemical compounds It is possible to reverse the process and 
di^iate chemical compounds bj elovatmg tlie temperature (p 202), but 
it has not been possible to raise the temperature high enough to venfy the 
hypothesis by “ dissociatmg ” the elements 


much room for doubt about tbo theory with resnoot to tho 
With nobulv, S Arrhomus (lOOD oonsidors^lint creat 
cold roigmng in bmco has condensed <dl but tho lighter olomente mto sol^ or 
^uid state, and theso ha^e gravitated to the mtanor Tl router W a 
^^red luminous by dust particles and corpuscles fljing mto ho 
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Questions 

1 Wnte an account of tlie general diemistiy of silicon, having regard to ita 
position in Group TV — St Andrews Untv 

2 A new elcmentaty body, a metal, is placed in your hands ^Tiafc means 
■would you take to ascertain (1) its atomic ■weight , and (2) its position m Mondo- 
lecS’s table ’ — Science and Art Dept 

3 Show that the chemical properties of mamesium, zme, and cadminra 
justify their position in the same group in the jienoohc classification — Vmi North 
Wales 

4 UTiat ■was Front's hypothesis T Wnte an account of the historv of the 
doctnne to the close of the mvestagntions of Stas, lucludmg in it an account of 
his news — Sheffield Untv 

6 It has bron asserted that m all probability every well-defined pro|»rty of 
an element is a periodic function of the atomic weight Explam precisely ■what 
IS implied by this statement — Science and Art Dept 

0 State the general characters of the magnesium zmo cadmium family of 
metals, and mdicate their relations to the alkaline earths on the one hand and to 
alummium on the other — Seimce and Art Dept 

7 Renewing the hmary compounds, show that m the elements of the same 
family there is an incroasmg tendency as the atomic ■weight nses to form com- 
pounds hanng the electro negative element in larger proportion — Owens CoU 

8 What grounds had Mendel4eff for predicting the existence of elements 
galhum, scandium, and germanium » — Science and Art Dept 

9 Do you think the foHowmg a vahd criticism of the periodic law, by M 
Berthelot (1885) ? Referring to the preceding question, " this prediction is not a 
consequence of the periodic senes , it results purely and simply from the laws 
and analogies which novo been knoivn for many years, and whiiSi are independent 
of the new sj-stem ” 

10 Compare the properties (a) zme and olumimum, or (6) manganese and iron, 
and their dematives, and m the case of the pair selected explain why the two 
elements are placed in different moups in the penodic table — London Untv 

11 Whj IS manganese mcluded with chlonne in the same group of the pcnodio 
table 7 "With what elements besides the halogens is manganese related, and how 
IS tins relationship displayed 7 — London Untv 

12 Describe the general characters of tlie family of elements of which gluci- 
nium (berylhum) is the first term in the penodic scheme — Board of Educ 

13 In the iienodio schomo of the elements, lead appears in the same column 

as tm Justifj this association by reference to the characters m which they agree 
— Board of Educ * 

14 Discuss the position of the hehnm family in the penodic classificatioD 

St Andrews Untv 
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Radioactivity 
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§ I Electnc Discharges m Attenuated Gases 

^ first step towards understanding tho relations between rothcr and 
l^nderable matter is to be made, it seems to mo that the most hopeful 
foundation for it is knowledge denied from oxpenments on cleetncity m 
high \acuum — LpRD KeIiVin (1893) 


Study of the phenomena attending the passage of electricity through 
gases has led to astounding developments during the past twenty 3 oars, 
and abundantly justified I^rd Kelvin’s prognostication Under or^aiy 
conditions, gases are such jioor conductors oT electnoity that they are 
classed as good insulators In order to get electricity to pass through air 
at ordmary atmospheno pressures, an electrical pressure approacliing 
30,000 volts per cm is required , and as the pressure of the air is diminished 


CilMe,wlth 

lamlntalfinilti 



wufpri Column. 
Anoda 


"Sio 308 Fio 309 

The Bfiect of an Electnc Discharge on Attenuated Gases 



the voltage required to produce a discharge diminishes m almost exactly 
tho same proportion If a glass tube, about 30 cm long, I^g 308, be 
connected with a mercurial air pump, and the aluminium electrodes — disc 
and pomt — ^be coimected with an ordmary mduction cod and battery, 
either no spark, or thm zig zag sparks will pass through the tube , all depends 
on the distance of the electrodes apart, and on the electnc pressure produced 
by the cod. H the pump be started, the spark passes more and more 
readdy as exhaustion proceeds „ first, forked brush-like bluish sparks Wm 
to leap from electrode to electrode , when the pressure reaches 4 f> tti tti of 
mercuiy, a lummous red streamer appears as illustrated by the tube A, 
Fig 309 , the red Ime widens, formmg a fuzzy stnp between the electrodes , 
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when the exhaustion is such that the pressure is about JQ^jnin , a lummouB 
band fiUs the whole tube — iB, JPig 309 — and a violet hate surrounds the two 
electrodes At, Oram pressure, the band begins to break up into la 3 'ers — 0, 
Fig 309 — at ^jornT pressure, the tube appears to be filled with a number o£ - 
transverse flickenng reddish stnse, alternately hght and dark ^ , while the^ 
violet halos about the electroSS grow larger and larger— B, Fig 309 — ^and*^ 
a dark space — Faraday’s dark space — ^appears at the negative electrode ^ 
The prevailmg colour of the pulsating stnee depends on the nature of the 
gas in the tube — ^with h 3 'drogen the colour is red, and with chlorine green 
The ait^le about the cathode separates from the flickenng stnse and a dark 
space— "Crookes’ dark space — appears between the negative glow and the 
cathode, Fig 308 ha exhaustion contmue-, the stnse diminish in number 
and size , and they appear to be jaler in colour The hght at the anode 
dwmdles down to a luminous pomt, and Crookes’ dark space at the cathode 
soon expands and finally fills the tube The glass then acqmres a greenish- 
yellow phosphorescent hght if the tube is made of soda^glasa The pressure 
IS then about OHIS mm of mercury With furthw^liaustion the tube 
looks as if it were emply, but the glass still glows bnghtly, particularly 
about the cathode With still further exhanstions. jihft^urrent from the 
mdiwstipn coij is unable to para through the vacuum tube The fact that 
the tube wheii highly..e vacuatedj.s.npn^nSuB>mg shows that jAe cZcc/nc 

camalfro^ one, dedtode^ to tji^ otl m l^ .^^ ^djiyng 


§ 2 Cathode and Lenard Rays 

Tho electron has conquered physics, and mnny worship the new idol rnthor 
blindly — H PoDfOAK^i (11)07) 

Wlioover rejects faith in the reahty of atoms and electrons, or the electro 
magnetic nature of light waves, or tJie identity of heat and motion, cannot 
be found guilty of a logiool or empirical contradiction , but, he will find it 
difilcult from Ins atandpomt to advance physical knowledge — Planck 


W Hittorf (1869) showed that if a solid body— say a Maltese cross made 
of mica— be placed between the 
anode. A, and cathode, f7, as m Fig 
310, a true shadow appears on the 
glass, the shape of the cross shows 
that somethmg must travel from 
the neighbourhood of the cathode m 
straight Imes This “fomethmg” 

^hich causes the phosphorescence of 
glass was called by E Qoldstem 
l{1876) cathode rays Hence, (1) <7««| 
cathode rays iravd tn drmglit Ztne«| 
normal to the surface of the cathode ,1 
and they mU cast a wdl- define^ 
ehadoio tf a solid object be placed^ 
bdioem the cathode and the tvaU of the vacuum iiibei The expenment can 



^ Glass tubes of about this degree of exhaustion— Geissler’s tubes— 
made m nuinerous patterns, and with different kinds of gloss so as to net 
fluorpeent effects Tubes contammg gases under redncK,^“„ 
for the passage of an deotrio discharge are called vacuum tubes 
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be vaned m an ingenions manner, ns sho'wn by W Crookes (1879), Eig 311, 
by arranging tbe stream of cathode rays so that it stnkes the upper vanes 

of a bttle paddle wheel ■whi6h 
then rolls horizontally along 
a pair of parallel glass rails, 
away from the cathode By 
reversing the electno current, 
the wheel stops and then re 
volves m the opposite direc 
lion oiving to the fact that 
the direction of the cathode 
stream has been reversed 

Fio 311 — ^Jlechomcnl Motion by Cnthodo Knys Hence, (2) 

nj'cxeri meclianrcaljjr evnir c. By 

■T' ^ dircctmg the cathode rays on 
to different mmcrals, beautiful phosphorescent effects may be obtamed. 
Fig 312 Crjstols of pertbite, and didymium glass give a red phosphor 
escence, artihcial rubies, and willemitc a green phosphorescence, schechtc, 
jellow, Iceland spar, uhite, banum platmocyanide, zme blende, etc , also 
glow and phosphoresce when exposed to the rays Hence, (3) manufiufierals 
peconje phoaphorMce ni n hm exposed 1o rays The spectra of phos- 

phorescent rare earths are of great value in studjung these compounds 
The cathode stream, when focused on to platinum by means of a cathode 
aha^ied like a concave mirror, may heat the metal nhite hot, glass can 
be melted, diamonds charred, etc Hence, (4) tTia~.ealJiQde. jram. raise fJi e 
temperature of bodies on winch they fall Jt the cathode stream be alloued 
to impmge on white rock salt or hthium ohlonde these salts are coloured 
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on radioactivity -where it is estimated that one miUionth of n millionth of n milli- 
gram of radium can bo detected from its effect on the instrument, that is, a delicote 
meotroscope is nearlj a million times more sensitive than a spectroscope (p 366) 


Li 1895, J Perrm arranged a -vacuiini tube so that the cathode stream 
passed mto a small metal cylmder inside the tube, and, by means of a mre, 
he connected the inner cylinder tnth an ex- 


ternal electroscope The electroscope acquired 
a gradually mcreasing negative charge, or a 
positively charged electroscope was discharged 
Hence, (6) Hit cathode j-ay8jgrAJJiaciM4l/^eI^- 
infied^hile Hit oilier conitnis of 4he ivbt~ara 
positncly decirified J Plucker (1868) showed 
(7) Hit cathod e rays can be deflected from their 
normal course by mmn s of a may net This is 
iUQIEfStea'^3^“Mg*‘'?r4r for'1f~ a magnet be 
directed to the side of the tube through wluoh 
a discharge is passing, the focus of the rays can 
be deflected on to the walls of the tube The 
heat produced by the bombardment of the 
walls of the tube by the cathode stream -will 
suffice to melt a little -wax placed on the 
outside of the tube, A 

P Lenard (1894) made a tube -with a thm 
alummiuni sheet — D, Fig 316 — earned by a 
brass cap, at the end opposite the cathode C , 
a metal cylmder A served as anode Lenard 



Pio 314 — The Effect of 
Magnet on Cathode Baj's 


found that the cathode rays passed through 

,the alummium wmdow outside the tube, and were then called Lenard 
^rays The cathode or Lenard rays are absorbed by different metals 
cused as wmdows — the absorptive power of a substance is almost directly 
Iproportional to its density If the metal -wmdow is too thick, the cathode 

stream is arrested Hence, (8)^e 

cathode jays can penetrate and pass 
iJirovgh thin sheets of metal, biit~not i t 

through thtcL-sheets ^ ^ B 

' At first, the cathode rays were 3 55 

thought to bo a stream of negatively 
electrified atoms or molecules of the 
residual gas m the evacuated tube , 

C Varley (1871), or rather W Fio 316— Lenard’s tube to bring the 
Crookes (1879), suggested that they Cathode Rays outside the Vacuum 
were particles or molecules of a Tube 


fourth state of matter — an ultra- 


gaseous state wlucli was called radiant matter— m which the free paths of the 
molecules were so long that collisions could be disregarded Owmg to their 
high penetrative power (Lenard rays), and the fact that no difference m 
the properties of electrons can be detected by cliangmg the kind of gas in 
the evacuated tube, nor by changmg the electrodes, it follows that (9) % 
catMerays are irtHM^ndi^ofJhehnd^gf^qtler^ 
belhatTez,^iall,j1ieniqtter is the same in hndj, from ^ohaljmer source it is 
E Wiecbart (Jan , 1897) and J J Thomson (Apr , 1897) suggested 
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the Btartlmg h 3 rpothesi 8 that what Crookes called radiant matter^ 
or the cathode rays, is a stream of negatively char ggd jarticliM jk 
coQius cI^ which Jjhrcjbgenjonng^b y thed ismtegration of^a^ms 

electron was gpphed by 
}^'j' Stoney (1881) to designate the unit or atomic charge of eleptnoity, 
nd it is now almost universally applied to the sub atomic particles sup- 
losed to stream from the negative electrode when a di^haige is passmg 
hrough an attenuated gas No difference can be detected m the oorpusolcs 
lenved from different gases, and hence it is inferred that the electrons 
ire common constituents of all gases If a stream of electrons bo 
lireoted mto an atmosphere of moist air, each electron serves as a nucleus 
.bout which moisture collects, and each electron becorues the centre oF a 
isible drop of water Hence, ( 10) a stream^ el^c{rpn <i,^7i^jhrecledjnto 
noist air, forms a dovd The oloui5”OT^ mist is an aggregate of imnnto 
allii^"r&ihdrdps , KncT it is assumed that, like a particle of dust m moist 
.ir (p 108), an electron m moist air can serve as a nucleus for the con- 
lensation of the water vapour 

The-J3ieo ry ~.of rr.the jeathode -rays — Acoordmg to hypothesis, the 
lectnc dischaigo in attejiuated gases sphts the atoms of the gas mto 
xisitively and negatively chaiged electrons The cathode rays are a 
.tream of negatively charged electrons sent from the cathode with 
1 high velocity It is inferred that ordmaiy atoms are probably made 
jf nothing but aggregates of sub atomic particles — ^positively and negatively 
'barged. Under ordinary conditions, the charges counteract one another 
md the atom is electncally neutral By the action of an electncal dis- 
iharge, negative electrons are supyiosed to be detached from the atom, 
leavmg a residue with a positive charge, and called a positive electron or 
positive ion If a negative electron attaches itself to a neutral atom, the 
latter will acquire a negative charge In reviowmg the evidence denved 
from the properties of cathode rays J J Thomson (1897) said “ The 
explanation which seems to mo to account for the facts m the most simple 
and straightforward way is founded on the view of the constitution of the 
chemical elements which has been favourably entertamefl by many 
chemists ” The view is that, the atoms of- the . different -dienucal, 
el ements contain differ ent aggregations of particles of the same 
kind^,Tp|henvi^'o'5r^^"tirat_a part at feast .ofT all atoms eonsiste of 
electrons 

Experiments which need not be detailed here have shown that ui all 
probabihty the electnc charge on an ion formed m the process of electrolysis, 
is the same as the electric charge of an electron , that the moss of an 
hydrogen ion is 1 7 0 0. times the mass of an electron or n^atively charged 
corpuscle , and therefore the mass of an electron is xTWffi mass 
of a hydrogen atom — t e 7 x 10"^** grm , and its diameter is about 
3 X 10“^® cm , whereas an atom of hydrogen has a mass of about 1 3 X 10“** 
grm , and a molecule of hydrogen is about ^2 x 10“® cm , so that compared 
with the atom, the electron has qmte a microscopic size The electrons 
can travel with a velocity rangmg os much as 90,000 miles per second 
Their speed is dependent upon the mtensity of the electrical force passmg 
through the vacuum tube A oathodo particle travellmg at this speed 
could go nearly twice round the earth m a second The idea that the 
m atter and its c hemical activity depend upon the 
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ad dition or r emoval of electrons from atoms or molecules has been m- 
coiTwratcd mth the lonio hypothesis (p 307) ' 

§ 3 Rontgen or X-rays. 

Wo shall never succeed m exhausting unmeasurablo nature — ^A. voN 
Humboldt 

When the exhaustion of a vacuum tube is such that the tube is on the 
verge of becoromg eleotncally non-conductmg, and the glass opposite the 
cathode is bnlhantly fluorescent, rays ptooe^ from the fluorescent glass, 
otifstde the hihe, these rays — called X-rays or Rontgen rays — ^have 
qmte different propertaes from the cathode or Lenard rays, because they 
■will pass through glass, and they are not deflected by a magnet Like 
rays of hght, Eontgen rays can be reflected, refracted, and polarized , and 
they are not appreciably affected by the most poiverf ul electno or magnetic 
fields as charged particles would be It is supposed that Eontgen rays — 
like the rays of hght, radiant heat, and electro-magnetic waves — are due 
to pulses or waves set up m the eether by the impact of electrons on matter 
It 18 all a question of frequency or wave-length The followmg table gives 
the "wave lengths of a number of radiations — ■ 


Radiation 

Vt a\e length m om 

Electromagnetic waves o! wireless to ^ phy 

Longest heat waves known 

Infra red spectrum 

Red spectrum 

Green spootrom • 

Violet spectrum 

Ultra-violet radiations 

Rontgen rays 

3X10* to BX 10* 

OXlO-s 

6XlU-»to 7 6X10“S 
0X10-* 

6X10-» 

4xio-» 

4X10-S to 2X10-» 

10-* to 10-» 


Hence, the wa-ve length of the X-ray is about a thousand times smaller 
than the wave length of sodnun hght, and is comparable with the size of 
the atom In atmospheric air, the ^stance between neighbourmc mole- 
cules is about 3 x 10“^ cm B « 

The toverer of the X-rays, W C Rontgen (1895), found that thev 
can excite flu^scenoe on a paper screen coated with banum platmo- 
oyamde, BaPtQsr^, or calcium tungstate, CaWO^ , t^ can fog a photo- 
^5^2, . aud make the air through which they pass a conductor of 

electncity They have a remarkable power of penetnitmg substances 
opaque to ordma^ light Ronlien rays are produced by the destruc- 
tion of the cathode rays and are formed when the cathode ravs 
impmge on solid ohje^ Every substance when bombarded by electrons 
c^ts Eontgen rays— the glass wads of a vacuum tube, heavy metals hke 
^tmim or i^um, etc The penetrating power of EontSi^Sati^g 
trfers to the decrease m the energy of a pencil of the rays which occuis 
w hen the rays arc allowed to impmgo on a sohd Eontgenrndiations witb 

emitted from a vacuum tube 
which has too much msidual air The supply of elections is then pSffd! 
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their speed is comparatively slow, and a current of comparatively loW/ 
electromotive force is needed Conversely, radiations with a high pene 
trative power, called hard rays, are emitted if the tube he too highly 
exhausted 'The supply of electrons is then relatively small , tteir speed 
18 comparatively high , and the necessaiy electromotive force is hi£^ 

The rays eimtted from an ordmaiy bulb are usually heterogeneous, 
mixed hard and soft, but C G Barkla (1906) showed that if the existing 
stimulus be great enough, every substance can be made to emit a 
set of X-rays which can be regarded as homogeneous and ch^acter- 
istic, m that the absorption coefficient, i, of the radiations from that sub- 
stance, m some standard substance (say alummium), is a constant, e.ff 

Ca Or Ca So Ag Ba 

I 436 0, 136 0 , 47 7, 18 0 , 2 6 , 0 8 


BBsssaasaa ggaa: 
aassiasaasr 


Substances with atonuo weights between alummium and silver, emit two 
sets of these homogeneous oharaotenstio radiations, e.g palladium emits 

two oharaotenstio sets of 
homogeneous rays with 
wave - lengths respectively 
0 58x10-8 and 0 51x10-8 
cm , and mckel, I'CCxlO"® 
and 1 50 X 10"® cm respec 
tively H G J Moseley 
(1913) further showed that 
when the morcase in the 
atomic weight of the element 
IB plotted with the corre 
spondmg decrease m wave- 
length,* the curve does not 
run smoothly, but if the 
wave lengths or vibration 
frequencies be plotted against 
senes of natural num- 
f a bers, the curve runs qmte 

Loeanthms of Wave Length Kio^cm smoothly This is lUus- 

IN NTT _ _ 


SSEBS&SBBSBSSS 

SiSSBBBSBiEEESSS 

SsSiBBEESSSaSSBES 

aaaaaaaaaaaaat^f^aaaaa 

aaaaaaaaaaaaaBii^aaaaB 

BBBBBBBBBBBBBBBiSBBBB 

S BBBBBBBBBBBBBBBk^lf^BB 
BBBBBBBBBBBBBBBB^eiB 

bbbbbbbbbbbbbbbbbmbb 


between the Wave len^h of j-j^ted by Fig 316, m which 
the Oharnctonatic X ray of the Elements and ,, ./inR 


i^ne unurncveriavic a. ray ui ruo rjiumeixu, uuu .. 

the Atomic Number the wave length X 10® cm is 

plotted agamst the numbers 
13 to 30 rangmg from alummium to zmo for one of the homogeneous sets 
of rays Analogous curves have been obtamed for all the known elements 
Indeed, the X ray spectrum of every element from aluminium to gold is 
detemuned by an mteger N called the atomic number rangmg from 13 for 
alummium to 79 for gold There are some blanks corresponding with un- 
known elements The order of the atomic numbers is the same as the order 


of the atomic weights except where the latter disagrees with the order of the 
chemical properties so that the atomio number m the penodic table is a 
more fundamental mdex of quabty than the atomio weight This shows 
that the wave-length, or the vibration frequency, of the character- 
istic X-rays from diffeient dements changes from dement to element 
by regular jumps The steady decrease m the wave length of the 
charaotenstio X-rays of a senes of elements m the penodic table depends 
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on some fundamental property of the atoms As an hypothesis, it has 
been suggested that the mcrfements are due to the successive addition of a 
unit electnc charge to the nucleus of the atom , and that the magmtude 
of the nucleus of an atom is proportional to a number mdicatmg the place 
of the element m the penoic table — hydrogen has a nucleus charge of 
one umt, hehum tvro, etc 

The atomic weights of the elements do not mcrease m an orderly way, 
they mount by steps of two, but not very regularly, and the elements 
sometimes appear to get m the wrong order, e g mckel comes before cobalt, 
but certam chemical properties and the wave-length of the charactenstio 
X-rays from mckel show that it occupies a position afler cobalt When the 
elements are arranged m this ivay the series shows gaps between alummium 
and gold, presumably waitmg to be filled by elements yet undiscovered 

Action of X-rays on crystals — ^When a beam of ordmary hght 
strikes a crystal, the latter behaves as if it were a contmuous medium, 
because the structural umts of the crystal are very small m companson 
with the wave-length of the hght, on the other hand, M Laue (1912) 
inferred that the wave-length of the X-rays is so small that the regularly 
arranged structural umts of crystal will probably difiract the mcident 
X-rays, much as a senes of fine rulmgs on the surface of a metal plate 
diffract ordmary hght This %7as soon verified by W Enednch and P 
Kmppmg (1912) After a crystal has berni exposed to a pencil of X-rays 
so arranged that the transmitted raj's fall on a sensitive plate, photo- 
graphs shoaung a senes of symmetncally arranged dark spots — called 
Laue’s spots — are obtamed The different types of crystals furnish 
characteristic patterns, which are leadmg W H and W L Braggs to 
the discovery of some important facts on the mtomal structure of oryrtals 


§ 4 Positive or Canal Rays 

The corpuscular theory of the positno rays bos no other justification than 
tliat It explain our pr^nt daj knowledge of the phenomenon m the 
simplest possible way — Gehbok£, ^ “ 

When a perforated cathode is employed m the vacuum tube for pro- 
duemg cathode rays, E Goldstem (1866) first noticed that streams of 


cathode Htjrs Cant/ Raya 



electroscope 
' B 


-Tube for Canal or Positive rays (After W Wien ) 


perforations or canals and emerged hehmd 
317, the oomJ ray, Iravdlmg torarf, the 
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Iniermedtale stages of cdiemtcal action — ^The pliotograpbic plate registers 
tlie rays •within a milli onth of a second after their formation, so that if a 
chemical reaction "were takmg place m the tube, it is possible that the 
method •would disclose the existmce of transient mtermediate compounds 
as well as the final products of the reaction For example, with methane, 
CH 4 , five hnes occur correspondmg •with particles ha'vmg masses 12, 13, 
14, 16, and 16 These must correspond with particles havmg the composi- 
•fcion, C, CH, CHj, CH 3 , and OH^ Phosgene, COClj, furnishes Imes corre- 
spondmg •with particles havmg masses 99, 28 and 35 5, hence the decom- 
position proceeds by a separation of chlorme atoms from carbon monoxide 
•without rupture of the carbon and oxygen atoms Kb signs of a molecule 
NO 3 "was observed durmg the oxidation of mtnc oxide, NO, by oxygen 
Atomic weights — The parabolic tracks recorded on the photographic 
plates enable the atomic weight of a gaseous substance to he determmed 
•withm one per cent of its true value -without reqmnng more than 0 00001 
gram of the substance The result, moreover, is not dependent upon the 
punty of the material, for impurities merely produce additional hnes m the 
positive ray spectrum, and do not affect the curves produced by the sub- 
stance under exammation 


New elements — ^If a spectroscopist observed an unkno-wn hne m the 
spectrum of a discharge tube, he would infer the existence of an unkno-wn 
substance pro-vided the hne were not produced by some alteration in the 
condition of the discharge , similarly, if a new curve be obtamed m 
the positive ray spectrum, the probable existence of a new element 
would be inferred Thus, atmospheric mtrogen gives a curve corre- 
spondmg with a substance havmg an atomic weight 40 tunes that of a 
hydrogen a-tora, and is not mdioated on the plate when chemically prepared 
mtrogen is employed The positive ray method, too, is far more delicate 
than spectrum analysis, for it enables a foreign gas to be detected m 
quantities too nunute to be revealed by the spectroscope Thomson found 
unkno-wn hnes mdicatmg that the gas which has been called neon is probably 
a mixture of two different gases of atomic weights 20 and 22 — but -with a 
preponderatmg amount of the former 


Allotropic hydrogen— Thomson finds that the gas with atomic weight 
3 w given off by most solids when bombarded by the cathode rays It is 

interestmgtoremembcrthatD I Mendel 6 eff (1871) predicted a new element 
of the halog^ group with an atomic weight 3, but Thomson thmks that the 
^ m question is a tnatomic moleculo of hydrogen, H 3 , mamly because 

contammg combmed hydrogen— e g KOH, 

S; of gas. while the supply with salts 

which do not contam combmed hydrogen — c a Lil Li m ^ 

StS, . ‘o 

gave bright hydrogen hnes with traces of mercury— derived from the 

apparatus used m manipulatmg the gas ( 3 ) Vigorous 

presence of oxygen, or contact -with doling Conner oxifle 

to bright hght) destroys the gas Assummg the gas is really H it^moro 

stable than ozone, more stable mdeed than anv known V If T 

element If hydrogen is univalent it form of an 

-with the ordinary views about valencv Thomonn existence 

eiette , to«o ^.logo™ tath that axartad by « 
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tlirco atoms can arrange themselves about their aves to form a closed 
stable rmg 

g 5 Becquerel Rays 

Tlio ficcret of nil who make dwco\cncs is to look upon nothing as impossible 
— J VOh LlEBlO 

About the tune Rontgen (1806) discovered the peculiar X raj s, radiating 
from phosphorescing Crookes’ tubes, H Becquerel (1808) repeated some 
evpenments of Niepce de St Victor (1867) in order to find “ if the jiroperty 
of emitting seiY xwnetratito rays is intiniatelj connected with phos 
phorcsccnce ” In other uords, docs the principle of res crsibilitj (pp 25 
and 202) apply ? If Rontgen rays make a fluorescent substance shine 
in the dark, inll a fluorescing substance omit intusiblc pcnctratue rajs ? 
Becquerel placed fragments of sc\eml phosphorescent substances on 
photographic plates tvrapped in ino sheets of black paper In almut 
24 hours, alien the plates were dc\ eloped, a silhouette of the phosphorcs 
cent substance appeared on the plate Hence, it was inferred that “ the 
•phosphorescent salh of uranium mvit emit radtnhont which arc capable of 
passing through blacL paper opaque to ordinary light, and of ralucing the 
Sliver salts of the photographic plate, c\cn alien the uranium corajxnind has 
been completely sheltered from the light ” Tlio radiations emitted by 
the phosphorescent substance are eall^ Becquerel rays, though Niepce, 
tlurty j'cars previouslj, noticed that urinmm salts could affect photo- 
graphic plqtcs m the dark, end G lo Bon (1898) called the radiations 
lumtire 'noire — “ black light ” A substance a Inch possesses the property 
of omitting these pcnetiativo raja is said to bo “radioactive,” and the 
property itself is called radioactivity All substances containing uranium 
are radioactive Tlie energy is not stored like light in a phosphorescent 
substance, because the property is no different ahethcr insolatcd or non- 
msolated uramiim bo used , the cncigy docs not come from the air because 
it IS not affected by confining the uranium m a vacuum It is therefore 
probable that the uranium is olqo’ ly un dergoing soino gwntaneous change 
as an effect of its mtornal enoigv^Rndioaotivily does not dc]X!nd upon 
light or heat, the omission of the rajs appears to' be a permanent and> 
abidmg property of urimum and its compounds , oud it is independent of 
temperature and of all Itnoom phj sical conditions No sign of a diminution 
or increase of the property has been detected a-hether the substance bo 
heated too-ards 2000° or cooled toanrds —200° Tho same o-eight of 
uranium, no matter how combined, emits the same amount of radiation. 
The chemical p/roperties of the dements— excepting perhaps the helium family — 
can be modified and controlled by changes in the chemical and physical con- 
ditions , but radioactivity is independent of these conditions Consequently, 
the astoundmg assumption is mode that radioactivity is an infra- 
atomic property, and is not tho same type of phenomenon as an ordmaiy 
chemical reaction If chemistry be confined to tho study of phenomena 
with tho atom os unit, radioactivity regarded as an infra atomic pheno 
guenon, IS a kmd of meta chemistry 

Becquerel also found that when uranium is brought near to a charged 
gold leaf electroscope. Fig 313, tho gold leaf gradually collapses Tho 
rate at which an electroscope is discharged is a measure of tho efficiency 
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of the q)ecmien m emitting rays The charged electroscope, mdeed, is 
more sensitive than the photographic plate for detectmg Becquerel rays 
Air which has been in contact with uranium and its compounds, like air 
which has been exposed to Rontgen rays, will discharge an electroscope, 
for exposure to these radiations makes air a conductor 

G C Schmidt (1898) found that thorium is radioactive m the same 
sense that uramum is radioactive, and curiously enough, these two elements 
have the bigliest atoimc weight — ^Th, 232 , TJ 238 The radioactivity of 
thonum is readily shown by flatteiung an ordmary new gas mantle on the 
sensitive side of a photographic plate, and leaiing all m darkness for about 
a week. "When the plate is developed m the usual way, a photograph of 
the flattened mantle iviU be produced The mantle contams sufficient 
thonum, as oxide, to demonstrate the effect 

It must be added that there are seveml stnctly chemical reactions-^ 
hydration of qumme sulphate , action of sodium amalgam or calcium 
carbide on water , oxidation of phosphorus , combustion generally , etc — 
which have the power of rendermg the ambient air a conductor of electncity 
so that it can discharge a charged electroscope , and an attempt has been 
made to find if the two phenomena are related. The temperature at n Inch 
hj drogen and oxygen begm to combme m contact with carbon or platmum 
IS almost the same, withm the limits of the errors of measurement, os that 
at which these elements begm to form negatively charged electrons This, 
however, is not sufficient to justify a behef that there is a causal nexus 
between the two phenomena The property exhibited by many chemical 
reactions of makmg the ambient air clectncally conductmg must be sharply 
distmguished from radioactivity Rutherford has emphasized the fact 
that the activity of radioactive bodies has these special characteristics 
(1) It IS spontaneous , (2) It is exhibited by all the compounds of the radio- 
active elements , (3) It is not altered by changes m the physical or chemical 
condition of the element It might also be added that exposmg metals 
to ultra-violet hght, heatmg metal wires, splashmg liquids, etc , also mnTrea 
the ambient air dectncally conductmg 


§ 6 Rad:um 

It IB tho glory of God to conceal a thing, but the glory of a long to search it 
out — Solomon 


For even tho things which be in our hands — 
These, Luowing, wo know not— so far from us. 

In doubtful dimness, gleams the star of truth 

Anon 


Is the radioactivity of uranium due to the presence of an impurity ? 
•— P and S Cune tried to answer this question by examinmg the radio- 
activity of a number of uramum mmerals They found the foUowmg 
rcxfttiiv'c results 


Pitchblende (Joachimstahl) 

Carnotite 

Chalcohte 

Motalhc uranium 

Orongite 


Units 

^ 0 Uranium ovido (green) 
0 2 Pitchblende (Cornish) 
6 3 Thorium oxido 
2 3 Uranium mtrate 
2 0 Monazite 


Umts 

18 

16 

0 1 to 1 4 
07 
05 
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Obviously some uraiuferous minerals are more aetive than uramom 
itself Hence, it ivas inferred that “ the strong activity of the pitchblende 
from Joaohim^hl (Bohemia) is duo to the presence of small quantities of 
a substance wonderfully radioactive, and (Merent from uramum or any 
other simple body known ” This result was confirmed by the extraction 
of the chlonde of what was supposed to be a new element designated 
radium, Ra The salt was over a milhon times more radioactive than 
uramum One ton of pitchblende contains about 0 37 gram of radium, 
and about half of this is obtamed by the followmg method of ex- 
traction 

The extraction of radium bromide or radium chlonde from pitch- 
blende — ^The pitchblende is roasted with sodium carbonate and digested 
with dilute sulphunc acid , the solution contains uramum, and the residue 
contams radium and impunties The residue is boiled with sodium 
hydroxide , washed with water, and then with dilute hydrochlono acid. 
The msoluble residue is digested with sodium carbonate to convert the 
sulphates to carbonates Wash the insoluble carbonates with water, and 
dissolve the mass m hydrochlono acid. The solution contains ra^um, 
etc Add sulphunc acid to precipitate the radium, etc , os sulphates 
Agam digest the precipitate with sodium carbonate, wash with water, 
and dissolve m hydrochlono acid Hydrogen sulphide will precipitate 
radioactive polomum The ton of pitchblende furnishes about 0 00004 
grm of this element Oxidize the solution with chlonne and add ammonia, 
radioactive actimum is precipitated The solution is boiled with sodium 
carbonate, washed with water, and evaporated to dryness with hydro- 
bromio acid. On the addition of hydrobromio acid, radium and banum 
bromides are precipitated. These are separated by fractional crystalliza 
tion 

The properties of radium and its salts — The chemical reactions of 
radium chlonde are so like barium chlonde that a separation is veiy 
difficult, and a shght difference m solubihty is the only means of separatmg 
the two The bromides are more easily separated than the chlondes. 
The spectrum is characteristic and related to that of the alkalme earths 
Metallic radium has been isolated by the electrolysis of radium chlonde 
with an anode of indiumized platmum and a mercmy cathode The radium 
amalgam so obtamed was heated m a current of hydrogen to volatilize 
the mercury A white metal remamed This melted at about 700° 
The metal turns black m air, possibly owmg to the formation of a mtnde , 
it also chars paper , dissolves rapidly and completely m water and m 
dilute hydrochlono acid, thus showmg that the oxide is soluble m the 
soh ents named. 0 0919 gram of the anhydrous chlonde, whose spectrum 
showed the presence of barium but family, gave 0 0869 gram of silver 
chlonde Hence, 0 0919 gram of radiiun chlonde contams the equivalent 
of 0 0213 gram of chlormo , or 36 46 grams of chlonne imite with 117 5 
grams of radium Hence, the equivalent of radium is 117 6 If radium 
chlonde be RaCl,, by analogy with banum chlonde, BaCla, the atomic 
weight of radium is nearly 235 Ijatcr determmations give rather lower 
values— 226 6 

Radium appears to be a member of the family of alkalme earths Its 
salts ^emble the corresponding salts of banum Radium sulphate is less 
soluble than the banum salt, the carbonate also is spanngly soluble The 
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bromide and chloride crystalhze With two molecules o£ water ♦ EaClo»2H20 , 
R{iDr 2 2 H 2 O, and these crystals are isomorphous with the corresponding 
banum salts The radium hahdes are much less soluble than the banum 
hahdes, and tins enables radium to be separated from banum Several 
other salts — ^intrate, azoimide, cyanoplatmate, etc '—have been prepared 
The radium salts when freshly prepared are white, but they afterwards 
become yellow and brown, particularly if the salts are impure Solutions of 
radium salts have a blue lummescence, and the salts are all lummous m the 
dark. The spectrum of radium is charaotenstic, and it exhibits Imes which 
belong to no other known element Radium salts impart a crimson 
coloration to Bunsen’s flame 

The chemical effects of the radiations from radium — ^The 
Beoquerel rays evolved from radium chlonde closely resemble those from 
uranium and they produce similar effects, but over a milhon times more 
mtense The Becquerel rays from radium chlonde or radium bromide 
mcite phosphorescence m diamonds, rubies, fluorspar,' calcium sulphide, 
zmo sulphide, banum platmocyanide, etc Kj;ho eyes be closed j;nda.tul)e, 
of radium bromide be heldnear th e foreh ead. tKe^retma of "the eye becomes^ 
phosphorescent, and bght mil be seen though t^e eyes ‘are eldsedf ^ A tube' 
contamin^aThttle ra'diuarbromide-when-held'neaiftHeBKin for a few hours 
produces pa infu l sore^ Caterpillars and other small animals ate said to 
b^villed“if shuT up*m a box until a mmute fragment of radium The 
radiations coagulate proteid matter — e g globuhn It is also claimed that 
the exposure of malignant skm diseases, superficial cancer nodules, etc , 
has proved beneficial m many oases, although the testimony of medical 
experts is not unanimous Be oquerel rays cause chem ical action — 
^scolour_pjvper ond^gl^ ,._tuni bi^gen mto i ozone , form hydrogen 
peroxide m acidrneutral, or alkalme'solutions , decompose water ,* convert 
yelIdW~pliosphorus mto~the red vanety, -reduce mercuno to mercurous 
chlonde, and ferric to ferrous sulphate , decompose iodoform, potassium 
bromide, hydrogen sulphide, carbon dioxide, etc An aqueous solution 
of a radium salt contmuously evolves hydrogen and oxygen gases, owmg to 
the decomposition of the water The radiations affect photographic paper, 
and discharge an electroscope as already mdicated 

The action of a magnet on the radiations from radium — ^A few 
sheets of paper or a couple of tflieets of alummium foil will out off a largo 
part of the radiations, and a sheet of lead, about half a centimetre thick, 
will out off nearly aU the radiations A residuum still remains unsuppressed 
even after passing through 13 cm of lead or through a far thicker block of 
iron Hence, the radiations from ra^um_ are not homogeneous 
Agam, the radiations'from radium are not affected m the same way by a 
magnet Some of the rays are not mfluenced, for they do not bend 
when placed m a magnetic field, these are called the, y rays Others 
are bent ioivards the magnet, and are called the ^-tays, while others 
are bent away from the magnet, and ore called the a rays The three 
distmot types of rays m the radiations emitted from radium salts are as 
follows 

I Alpha ra 3 rs —The a rays are slightly bent by mtense magnetic 
forces, they have a positive charge, and slight penetrative power, so 
that they are suppressed by a few layers of paper or a few cm. of air The 
general properties of the a-rays correspond -with those of the rangi 
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rays in a vacuum tube The expenmontal evident leads to the infer- 
ence that the a raj's are streams of positively charged electrons projected 
from radium mth a velocity approachmg 20,000 miles per second 
The omission of a particles from radium salts can be illustrated veiy 
neatly by W Crookes’ spinthariscope A small fragment of a radium 
salt supported at the tip of a wire, R (Fig 318), in front of a screen, A, 
coated on the msule with zmc blende, is viowed m the 
Ji ' ^ . dark through a magnifymg ej'opiece, E, which is focused 

™ ll on to the screen by slidmg it up or down the tube 

Fic 318 -Spin- Flashes of hght arc contmually scintillatmg on the screen 
thanscope*^ * R K Duncan likens the effect to the appearance of a 
swarm of fireflies on a dark night The scintillations are 
caused by the ram of a jiartioles from the radium salt on to the screen Each 
impact 13 marked by a flash of hght Each a-partiole is supposed to produce 
one fiaslu 


2 Beta rays — ^Tlio P rays are readily bent by comparativelj' weak 
magnetic forces m the opposite direction to the o-rays The B raj s ha^ e 
a negative charge , and a stronger penetrative power than the a rays 
The general properties of the fi-rays correspond with those of the 
cathode rays of the vacuum tube, for they appear to be negatively 
charged electrons or corpuscles projected from the radium salt with a 
velocity approachmg 100,000 miles per second Tlie corpuscles m Crookes’ 
tube travel a little faster than the P raj's from radium A difference m 
speed might be expected from their different modes of generation The 
following experiment — J Strutt’s radium clock — 
illustrates the character of the Pn^<^ A morsel of a 
radium salt is enclosed m a gloss tube. A, Fig 310, 
coated with a conductmg material and endmg at the 
bottom with a brass cap from which hang a pair of gold 
leaves Tlus system is fitted witlim a glass tube from 
which the air is exhausted The inside of the tube is 
coated with stops of tinfoil, B, connected with the earth 
by the wire, C Tlie p rajrs from the radium pass through 
the glass and leave the central ^stem with a positive 
charge This causes the gold leaves to gradually divei^e 
until they touch the tmfoil, when they are discharged, 

and the leaves collapse The process begms anew Tlus 

Stnitt’s^Radium charge and discharge goes on contmuously since the 



Clock radium can emit these radiations an indefimtely long 
tune This arrangement is perhaps the nearest approach 
yet made to perpetual motion The frequency of the cycle, of course, 
depends upon the amount of radium m the inner tube 


3 Gamma rays — ^The y raj'S are not affected by the most intense 
magnetic forces Their penetrative power is very mtonse, and they con 
manifest their presence after pnssmg through several mches of metalho 
lead or several feet of metallic iron Tlie relative penetrative powers of 
the three types of rajrs for alummium are roughly as a p y==10 10® 10® 
The y rays do not appear to be material particles at all, but the experi- 
mental evidence shows that the y rays are similar to, if not identical 
with, Rontgen rays A diagrammatic illustration of the three tjrpes 
of radiation from radium can now he given, Fig 320 A piece of radium is 
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supposed to be placed m a lead vessel. A, sufficiently thick to prevent rays 
trai clhng through the walls Under the influence of an intense magnetic 
field, the rays no longer travel m straight lines, but 
they are deflected as shown diagrammatically m the 
figure 

The spontaneous degradation of energy by 
radium — All three types of rays are contmuously 
emitted by radium compounds m their normal con- 
dition The mtense radioactivity of radium appears 
to be associated with the fact that the temperature 
of the ‘salts is always a little — about 1 6° — above the 
temperature of their surroundings Normally, one 
gram of radium appears to evolve enough energy to 
raise a httle more than its own weight of water from 
freezmg to boilmg pomt eveiy hour , this amount of 
heat IS equivalent to US cals per liour, or about 1000 
cals per annum It has been estimated that a gram of radium will contmue 
radioactive for about 2600 years, and it therefore follows that a gram of 
radium gives energv eqmvalent to that obtained by bummg ^ ths of a ton of 
coal durmg the period of radioactive change Otherwise expressed, radium 
furnishes 250,000 times as much energy as is given by bummg an equal 
weight of coal Obviously, too, a relatively large amount of energy is 
needed for the contmuous decomposition of water by radium salts m aqueous 
solutions Hence radium is contmually domg work at an undimmish- 
ing speed without any external supply of energy , otherwise expressed, 
the taction is exothermal Whence comes this supply of energy ? 


Fig 320 — ^Dia^m- 
matic Analysis of 
the Badium Radia- 
tions by a Magnet 


§ 7 The Degradation of Radium 
All things have their emanations — Eufedoolus 

Matter, formerly regarded as inert and onlj able to give bach energy originally 
supplied to it, IS, on the other hand, n colossal reservoir of energy — ^infra- 
ntoinio energy— which it can expend without borrowing nnythmc from 
without — G tE Bon (1008) 

How does the contmuous evolution of heat by radium agree with the 
dogma that heat cannot come from nothmg, but must come from some other 
source ? The heat of a stove is derived from the oxidation of the fuel 
inside , with radium, it is assumed that the atoms (or molecules) are 
contmually changmg If radium be an element, and the radium atoms 
are changmg mto something not radium, it follows that there must be some 
flaw m the hitherto umveraally accepted defimtion of an element 
Accordmg to P and S Cune 


/my Bubstenco placed m the neighbourhood of radium acquires a radionctivitv 
w ild, TOrswts for many hours and even days after the removal of the raSw 
Tills induced radioactivity increases with the time during wluch it is expo^Tto 
the aehon of radium up to a certain limit After the radium wre^^ ^ 
decreases rapidly and tends to disappear The kind of siibstanco e^s«rto tho 

Tins fact has been t^ed to the contmuous evolution of a substance 
from radium which behaves as if it were a radioactive gas The emanation 
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emits only the a rays, that is, positive ions virtually as large as atoms them- 
selves To avoid the hypothesis implied by oallmg the radioactive sub- 
stanoe a “ gas,” E Rutherford, its discoverer, called it an emanafion 
The radivim emanation is quite distmot from the three types of rays 
omitted by radium and its salts The amount is very small, but the supply is 
contuiuous If the temperature be raised the absorbed emanation is given 
off, for a short time, much more oopioudy than in tho cold There is now 
bttle doubt that it is a gas, for it has a oharaotenstic spectrum, somewhat 
resembhng the spectrum of xenon , it can be condensed by bquid ait to 
a minute drop of liquid (microscopic) of specific gravity 6 7 , and at still 
lower temperatures, the liquid sohdifies The solid molts at about — 71®, 
and the hquid boils at about -02° The radioactive gas is chemically 
mert, for it resists attack by every chemical reagent hitherto tned, it has 
a oharactonstio spectrum, and distmctiTO chemical and physical properties, 
and m consequence, the radium emanation has been placed with tho argon 
helium group of tho periodic table The atomic weight of the emanation, 
if it has an atomic weight, appears to be nearly 222 6 (H 2 — 2) This has 
been determined by the gas density, tho diffusion, and the effusion methods 
It has been suggested that the gaseous radium emanation be called niton, 
Nt, from the Latm miens, shmmg 

The emanation, if kept by itself, slowly disappears After about four 
days, only about half the ongmal quantity remams In fact, the radium 

emanation decomposes, contmuously and 
spontaneously, mto a radioactive solid 
and helium gas TIus latter observation 
IS important Rutherford enclosed some 
radium emanation m a thm walled glass 
tube surrounded by a vacuum jacket. Fig 
321 Each vessel was gastight , a raj s 
from the radium emanation could pCnc 
trate the walls of the inner vessel, but not 
the walls of the outer tube By raismg the 
left mercury reservoir, tho gas m the annular 
space could be compressed m the spectrum 
tube, and there sparked, and examined 
spectroscopically In two to six dajrs’ 
tune, a gas with the spectrum of hehum 
accumulated m the annular space between 
the two tubes To show that the helium 
was not derived by diffusion from the inner 
tube, the emanation was removed and 
hehum substituted No trace of hehum 
could be detected m the outer vessel after 
standmg several days This and other experiments have proved that tho 
radium passes into helium via the emanation Otherwise expressed, 
hehum is one decomposition product of radium Still further, the a-rays 
are streams of positively charged particles, each particle carries two umt 
positive charges, and each a-particle is an atom of hehum carrymg two 
unit positive charges 

The action of the radiations on air — The movement of tho swiftly 
epeedmg a particles is obstructed as they pass through a gas , and tho 


Spectra! TateA 


r Hehum eolleett 
Tube containing 
Emanation 



Fia 321 — Rutherford’s Expen 
mont showing tho change of 
a particles mto Echum 
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kinetic energy (p 111) w expended in doing work on the gas The gas 
into which the a-partioles are disohai^ed becomes a conductor of electnoity, 
and it acquires a greater chemical activity The gas is said to be ionized 
The a-particles can travel but a few centimetres brfore their initial velocity 
IS exhausted, and they pass into ordmary molecules of hehum In air, for 
instance, the a particles from uramum are slowest — ^they can travel about 2 5 
cm — 'Whereas the a-particles from thonum C 2 travel fastest — about 8 6 cm 
The career of the a-particles has been mvestigated at different stages of 
its flight At the begmmng, uhen the speed and kmetio energy are 
greatest, the particle does Imst work m ionization It is supposed that 
just as a swiftly speedmg bullet can cut a clean hole m a pane of glass, 
while a slowly moving bullet will shatter the glass, so when the speed of the 
a-particles is greatest, they can pass nght through the molecules of a gas 
without producmg any appreciable effect , but towards the end of their 
flight the if>Tiw.ing power is greater because of the greater shattenng power 
of the slowly movmg molecules , and finally the particle ceases to ionize 
the gas and settles down to “ ordmary life ” as a helium molecule (or atom) 
The stoppmg power of a gaseous me<kum is determmed, not by the physical 
or chemical properties of the gas, but solely by its molecular weight 

The path of the ray through a moist gas has been made visible, owmg 
to the condensation of water about the 10 ns produced m the track of each 
a-particle C T R Wilson (1912) has photographed thb fog so produced 
m the tracks of the a-parbieles, and the photographs make it very plam 
that the lonizmg power of the particles rapidly reaches a maximum, and 
then rapidly srnSs to zero as the molecules of hehum Similar fogs pro- 
duced by the )3-rays have been photographed If a )3-ray moves rapidly 
it produces a straight track, but the slower movmg rays have more or less 
tortuous tracks, bemg deflected hither and thither by collision with the 
molecules of the gas The tracks produced by the Rontgen rays closely 
resemble those produced by the ^-rays, and it is presumed that the 
Rontgen or y-rays excite ^ rays m matter on which they fall, and that the 
effects produced by the y-rays are dn^itly due to the jS-rays to ivhich they 
give birth 

Counting the o-partxdes enutted by radium.— E Rutherford and 
H Geiger (1908) devised an electncal method for countmg the a-particles. 


Firing Chamber 


Target or Detecting 
Chamber 


Mica Windoiv 



To Electrometer for measuring 
Electric Charge on B 

Fig 322 -Apparatus for countmg the a particles enuttotl by radium emanation 
{After E Hutberford and H Goiger ) 


A small disc with a httle emanation was fixed to a small uxin cvhnder 
and placed m a long glass cyhnder— Pig 322 The position of the 
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radium disc could be adjusted by means of a magnet This ohamber— • 
called the finng chamher— had a small mica •vnndow openmg into a brass 
cylmder with ebonite ends and fitted with a central wire> B, connected with 
an electrometer The brass cylmder was exhausted, and it then forms the 
target or deletiing cJumnieT It was found possible to adjust the conditions 
so that two to five particles per mmute passed through the mica wmdow 
aud upset the eleotneal equihbnum of the testmg chamber Each particle 
signalled its arrival by an unmistakable jump of the needle of the electro 
meter The needle can be arranged so that its movements are recorded 
on a chart (Fig 323) Each jump represents the amval of one particle 
m the “ detectmg ohamber ” Some of the jumps show that two particles 
sometimes arrive simultaneously or almost simultaneously Given the 
size of the wmdow and the distance of the source of the projectiles, simple 
arithmetic furnishes the number shot jier mmute in all directions from the 
radium emanation The results were consistent -with those obtamed by 
countmg the number of scmtiUations produced per mmute when a zme 
sulphide screen was used as a target, and show that about 3 4 X 10 ^® 
of a particles are shot per second from a gram of radium Each 



JTio 323 — Chart showing movements of the needle of the dectromoter on the 

arrival of a particles 

a particle represents one atom of helium Further expenments also 
showed that a gram of radium furnishes about 0 158 c c of hehum per year, 
hence the weight of an atom of hehum can be computed 

The restoration and decay of the radioactivity of radium — 
The radium from which the emanation has been abstracted loses about 
76 per cent of its radioactivity and it then emits practically nothing but 
the a-rays , the /3- and the y ray activities are almost completely lost 
The normal radioactivity of radium gradually returns to its ongmal value 
on standmg The rate at which the exhausted radium regains its activity 
IB equal to the rate at which the emanation loses its radioactivity Henco 
it IS inferred that radium is constantly generatmg and stormg the emana- 
tion, and that the emanation is constantly decaying We have here the 
prmciple of opposmg reactions, and the radioactivity of normal radium 
IS an equihbnum value because the rates of production and dis- 
mtegration of the emanation are evenly balanced The processes of 
decay and restoration cannot be mfiuenced by any known oontroUabls 
physical or chemical force ^ , they arc mdependent of the chemical form of 
radium — chloride, bromide, carbonate, sulphate, metal, etc , all we can do 
is to study the mode and measure the rate of change Hence, rightly or 
■wrongly, it has been inferred that the process is a property of the radium 
atom alone , that the radium atoms break do'wn mto atoms of the emona 
tion , and the atoms of the emanation break do'wn mto a radioactive sohd 

^ TJiis has, of course, no referenco to tho statomeut in the text to tho eScot 
that tlie oinanatiou can bo driven o£E from radium with u greater velocity at 
elovatra temperatures because the emanation is already there Tho rate at w hich 
the radium ‘ manufactures ” the emanation is not affected by temperaturo, oto 
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and helium gas This remmds us of the step by step decomposition of 
potassium hypochlonte mto potassium chlorate, perchlorate, and chlonde 
as -well as oxygen By analogy with the evolution of heat which attends 
certam exotheirmal chemical reactions— c jr the decomposition of ozone 
208->302+68 2 Cals — ^it has been stated as an hypothesis that the ongin 
of the energy of radioactive bodies is due to the decomposition of the atoms 
into electrons In the one case, the atoms hberated durmg the reaction 
recombme to form new and more stable molecules , and m the other case, 
the liberated electrons umte to form new and more stable atoms Accord- 
mg to t.Viig hypothesis, a radioactive substance must have a more or less 
limited period of existence or life 

The products of the decay of radium— The sohd radioactive 
deposit has been studied, and it has been found to “ decay ” mto a senes of 
products some of which give a-, /S-, or y-rays, and the presence of the radio- 
active solid IS therefore the source of the )3- and the y rays of radium 
Hence, radium normally contams all three products — ^radium proper, the 
emanatmg gas, and the radioactive sohd It is estimated that 26 per cent 
of the radiations of normal radium belong to radium proper , 18 per cent 
more of the a rays belong to the emanatmg gas , and the remainmg 
67 per cent to the radioactive solid. The products of the decay of radium — 
radium-A , radium-B , etc — so far as they have been at present made out, 
are as follows 

The DEacEKDEKTS of Badium 
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Hehum is imdoubtedly formed at each stage of the degradation 
Radium-F appears to be the same as S Cune’s radioactive polomum 
which, m the absence of proof to the contrary, is thought, on further change, 
to pass mto lead 

E. Boddy and H Hyman (1914) tned if the atomic weight of lead 
extracted from the mmeral thonte and ordmary lead showed any difference 
They reported that the former gave the smaller result though no special 
precautions were taken to elimmate silver M. Cune (1914) similarly 
found that lead denved from pitchblende Bad an atomic weight 206 6 when 
galemo lead had the value 207 01 Hence, it has been mferred that “ there 
are several varieties of lead of different atomic weights determmed by the 
imtud metal from which they are denved ” In general, lead derived from 
radioactive minerals has a lower aton^ weight than ordmary galemc 
lead T W Richards and R P Calvert (1914) add 

The itiferenoo seems to be that radioactive lead contains an admixture o£ some 
subatnneo different from ordmary lead , and very difficult to separate from it by 

1 The term ‘ average hfo ” employed in the studv of radioactivity corresponds 
^7lth the follo-vnng illustration " If a church at a fixed time contains a number 
of people of different ages, then, gi\en the number of joars each person will hve 
after lea^^ng the church, tho average hfo of the congregation is reckoned from the 
time fixed by that church attendance ” This is not tho average hfo taken from 
tho time of birth used m Computing insurance rates — A, T Cahebon (lUlO) 

2b 



m 


MODERN INORGANIC CHEMISTRY 


chemical moons Tins siibstoncc cannot bo identified m tlio ultra violet spectrum, 
of the matonul, either becouse it bus the same spectrum ns load, or because it has 
no spectrum in that part of the field, or because its spectrum is masked or ateorbed. 
by tliat of lead 

With the elements copper, silver, iron, sodium, and ohlorme from widely 
different sources no such difference in the atomic weight has been observed 


The Descemiaets of Thobium 
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With thonum, bismuth is said to be the hypothetical end. product. 
The ojMta prohandi, or burden of proof, of course rests with those ivho moke 
the assertion Inabihty to prove a statement is false is rarely of much 
value as evidence that the statoment is true 

? 

R IV Gray (1013) reports that ho found lead m some capillary tubes in which 
a minute quantity of radium emanation had been stored for four j ears There nro 
throe posable sources of the lead (a) The glass of the tubes contamed 0 OJ per 
cent of lend , (6) The mercury used to seal the tubes contamed a trace of lend , 
(c) the dismtcgration of the emanation, a la the emanation hypothesis The glass 
of the tube was undoubtedly attacked by the emanation os slioivn by the dis 
coloration, although no measurable amount of lend was obtained by digestmg the 
powdered glass with water for some time 


§ 8 The Degradation of Uranium 

The habit of suspendmg judgment until the conclusion has been fully tested 
by vatying the circumstances of the experiment, and by repeated accurate 
measurement, is a valuable habit to acquire F Fitzoebaui 

Under ordmaiy conditions, uramum and ita salts — ^presumably freed 
from radium — give both a- and P rays If eiystals of uranium mtrate, 
UOafNOslyGHoO, be shaken with aqueous ether, the lower aqueous 
layer contains uramum which gives the a- and the p rays , while the upper 
ethereal layer contams uramum which gives the a radiations only In 
order to distmgnish these two vaneties of uranium, the former is called 
urcinium-X, and the latter simply “ uramum ” or “ uramum proper ” 
Uramum regenerates the normal quantity of uramum X m from six to 
twelve months Uramum X is responsible for the fi rays of ordmaiy 
uranimn , uramum proper gives only the a rays The extracted uramum- 
X loses its power of cmittmg the.^rays at the same rate as uranium proper 
regams it A second quantity of uramum X can be extracted from restored 
uramum, and so also a third and fourth extraction can be made , and, 
so far as we can guess, the extraction, restoration, and re extraction can be 
repeated an mdefimte number of tunes, that is, until all the uramum has 
been transformed mto uranium X Hence, it seems impossible to avoid 
the inference that uranium is continuously and spontaneously decom- 
posing into uranium X and helium In a similar manner it has been 
shown that uramum-X is itself breakmg down mto a radioactive sohd 
which has been called lomum. lomum bears some analogies with thonum. 
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Still further, it has also been proved that ionium is contmuously and spon- 
taneously passmg mto radium Consequently, startmg from uranium, 

Uramum “^UromumX lomum Bndiam 
Atonuc weight 238 6 230 5 230 5 226 5 

Average hfe 8,000,000,000 y 36 6 d over 60,000 y 2600 y 

There is some evidence that what is here called uramum is itself a mix- 
ture of what have been called uranmm-I and uramum-II, but that these 
substances are so much alike that no method of separation has yet been 
successful There is some evidence that uramum-X f unushes two different 
products, uramum-Xj and uramum-X2. Without entering mto further 
details, it can be said that there is a possibibty that vramvm ts a jiarent 
ancedor ofradtum, and radum ts a parent ancestor of hdium, and, if inference 
be correct, tliat radium is the parent of lead Summanzmg these changes 
on a kmd of family tree showmg the nature of the rays emitted, the atomic 
weights of the products, and the average life 
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CimoTisly, also, potassium and mbidium are slightly radioactive, foi 
they emit )3 rays, while the radioactivity of sodium has not been detected 
Therefore, between 30 and 40 radioactive bodies are assumed to exist , not 
half a dozen of these bodies have been isolated The properties of those 
mdioactive elements which have not been isolated have been deduced from 
their behaviour when mixed with largo proportions of other known elements 
We have seen that the atomic weight of radium is 226 6 and of the 
emanation 222 6 i^t therefore follows that one atom of radium furnishes 
one atom of the emanation and an a particle which, in turn, furnishes on 
atom of hehum with an atomic weight 4 No other material product of 
the change is known, and the reaction is occordmgly ^mbolized 


Radium Emanation (t e Niton) + Helium 

Similar assumptions have been employed m estimatmg the atomic weights 
of the other radioactive substances The emission of P rays (» e elections) 
IS supposed to produce no measurable change m the atomic weights 
while the emission of a rays (chaiged hehum atoms) at each stage of the 
dismtegration is supposed to reduce the atomic weight by 4 

l-Iiebeginimg of 1913, several mvestigatora stated that the expulsion 

of an a-partiole by a radioactive element causes the residual product to 
shift its position two “places” m the penodic table m the Erection of 
dimimshi^ maw, so that the residual product is not m the next family, but 
m the next k^t one Similarly, when an element gives off a fl particle, 
the product shifts ite poation m the opposite direction one “ place ” m a 
^ that for an a ray change Hence two changes 
S emission of p particles, and one by an a particle woSd 

l^g the product back to its ongmal position m Mendel^effs table. 

radioactive elements occupy one place m 
bv a?v cannot be separated fi^ one another 

two Thus, when mesothonum-I gives off 

the tCo 0 °""® « I^rticle to form thorium-X, it is claimed that 

dSe^mnnn Separated from one another in spite of the 

difference m their atomic weights . and they are probably spectroscopically 



RADIOACTIVITY 


849 


indistinguishable F Soddy (1913) calls these non-separable elements 
isotopic elements, or isotopes, eg loniuin, thorium, and radio-thonnm 
are isotopes, and meso-thonum is isotopic mth radium The different 
forms of lead discovered by Soddy connected vnth radioactmtiy (1914) 
are also said to be isotopic, for they have the same atomic volumes and the 
same chemical properties , but P A Lmdemaim (1916) has shown that 
two elements of different atomic weight must differ either m their chenucal 
or 'physical properties The argument is based on the laws of thermo- 
dynamics, and he argues that the lead from thonte will probably have a 
melting pomt 1 54° &ghet than ordmary lead 
To summarize, the more sahent /acte are 
y (1) Radioactive substances are decomposmg spontaneously 
" (2) The reaction is exothermal, but the speed of the decomposition is 

not affected by any known external condition , the thermal value 
of the reaction, too, IS more than a milhon times greater than that 
of any knoivn cheimcal reaction 

(3) The decomposition proceeds m a series of stages — consecutive 
reactions 


(4) Hehum is one ultimate product of the decomposition 

(5) Three types of “ radiant rays ” are emitted at different stages of 

the decomposition 

The occurrence of radioactive substances —Radioactive substances— 
chiefly thorium and radium — occur m many mmerals m comparatively 
large amounts In the ^mum mmerals, for example, the ratio Ra U 
averages nearly 3 5x10”^ by weight Radioactive substances are every- 
where present m the atmosphere It is estimated that a milhon parts of 
atmospheric ate contam 0 06 X radium emanation, and 2 x 10“^® 

of thonum emanation Hence, a charged electroscope m an exhausted 
glass vessel may retam its charge for months, but if am be admitted, the 
mstrument will he discharged m a relatively short time — ^say, 24 or 
36 hours The emanations are found more particularly m the atmosphere 
over land than over the sea Hence, it is mferred that the radioactivity 
of the atmosphere is derived from emanations from the land, and this is m 
agreement with the fact that the radioactivity of deep-sea water is greater 
neat the bottom than near the surface So far os observations have been 
made, every cubic <5entunetre of sea water averages about 0*017 x 10“^^ 
grm of radium This means that not less than the eqmvaJent of 20,000 
tons of radium occurs m the oceans of the earth Radioactive substances 
are widely distnbuted m the sohd crust of the earth , they are found m 
aU kinds of rooks, clays, soils, etc One estimate mdicates that an average 
of 1 4 X 10-‘ grm of radium is present per gram of rock The water from 
deep seated spimgs and wells has usually a marked radioactivity, and it 

has b^u stated that the curative properties of certam toitibtoI nTiters 

e g those of Bath, Wiesbaden, Bohemia, etc —are due to them 

radioactivity T^is statement is mere guessmg, because so httle is known 
^out the physiological action of the radiations from radioactive materials 
The fact that radioactive substances constantly emit heat, and smee the 
emanations are ubiqmtous m the earth’s crust, it follows that the heatmg 
effects of these substances must play an important part m mamtainJSf 

S ariSh moMedae rate ot cootof 
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' The Mutability of the Sements , and the Disintegration of Atoms 

To inquire whotlior the metals be capable of beinR decomposed and composed 
IS a grand object of true plulosopbj — Da'v^. (1811) 

Badioaotmty is the least mnnngonblo of natural processes It ■mil not bo 
hurried or controlled Nature keeps tbo innnagoinont of this particular 
department in her own hands Man mows the phenonicnon mth hungry 
oves, but his intcrforonoo is barred out He can onh look on m -wonder 
while it doplo\8 its irresistible unknown forces — A>on (1007) 


About 1002, many liypothcscs were suggested to c-qilnm the phonoraona 
associated with radioaotmtj , R Mcldola, for CKample, suggested the hehde 
hypothesis of radioactivity Li this, the radioaclne elements are sup- 
posed to bo compounds of holium with other elements — hclides — and theso 
compounds are further supposed to be undergoing a gradual spontaneous 
decomposition mto simpler substances This hypothesis has been aban- 
doned by R Meldola, it has rcconed very httio consideration, because 
attention has been mainly locuscd upon a second hypothesis, which nins 
somewhat as follows Ordmary atoms are supposed to he small mtneate 
systems of electrons, linked together by forces of tremendous power The 
properties of the different olcmcntaiy atoms arc determined by the number 
and configuration of the intra atomic electron)! Radioactmty is an 
atomic property, and it is an effect of the instability of certain atomic 
systems The disintegration of the unstable atoms is marked by the 
emission of rays The radioaotii’C elements are therefore unstable, and 
are contmually and spontaneously changmg by mimorous intermediate 
stages into more stable elementf: This liyTiothcsis is called Rutherford 
and Soddy’s theory of the disintegration o! the atoms, because they 
established its claim to senous consideration, anti hayc done \alunblc work 
■with its aid Their liyqxithcsis is orthodox and fashionable If this 
hypothesis should survnTs that struggle for oxistcncc yiluch all ncotonc 
hypotheses must imdoigo, then ladioaotinty mil bo cited ns proof of the 
devolution of the elements Astro spectral observations, p 822, lca\ c 
little room for doubt that m the “ cooling stars ’ n process of evolution of 
the elements is m progrcs-i 

It IS further assumed that the radionctnc elements arc not unique 
among the elements in containing abnormal stores of mtcnial energy', but 
— ovcluding potassiiun and possibly rubidium — ^the other elements arc 
either immutable or else they arc changmg so slowly that no signs of muta- 
tion have yet been detected According to the atom disintegration 
hypothesis of radioactmty Nature is continually changing the elements 
mth the hugest atomic weights such ns uramum (238 fi) and thonum (232 4) 
mto simpler elements The latter, in turn, are said to be stable simply 
because no signs of radioactmty have yet been detected. It is possible 
that if over elements evistcd on earth mth larger atomic weights, and by 
mference, mth more complex atoms, they ha\o all degraded mto simpler 
forms, and are now probably extinct elements, hence, also, it might be 
inferred that the most widdy diffused demcnis have small atomic Heights 
The gaps winch appear in Mendelecff’s table (p 808) also appear significant 
The elements mth the smallest atomic weights, and those which are found 
m greatest abundance on the earth — ^hydrogen, helium, calcium, oxygen, 
sodium, silicon, etc — are usually considered to be the most stable, and to 
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contain least infra atomic energy Hydrogen and helium, occumng in the 
hottest stars, are supposed to have a tendency to form aggregates, and 
pass mto common terrestrial elements during the coolmg of the hot stars. 
It seems as if uramum and thonnm must have been exposed to peculiar 
conditions — ^possibly of pressure and temperature — whereby th^ were 
elaborated beyond the limits of stability, and absorbed stores of energy 
which are now being slowly released because the conditions necessary foi 
their stabihty no longer obtam 


It might be asked why the comparativelj conspicuous self-destructive 
activities of radium have not led to its extmction long ago ? Rutherford 
estimates that the radium now on earth will be dismtegrated and the whole 
virtually extmct m about 25,000 years There can thus be httle doubt that 
if there had not been a contmuons source of supply, radium would have 
been an extmct element long ago The decay of the heaviest known ele<» 
ment uramum is so extraordmanly slow that it can ]ust be detected, and 
a rough estimate made of its hfe-^, 000,000,000 years — as mdicated above, 
The mode of evolution of the elements hjTpothecated m the attempt to 
co-ordmate the results of the spectroscopic study of stars and nebnlse, 
seems to be supported by a mass of cumulative evidence (p 817), and to be 
inherently probable It remains to find an adequate explanation to accoimt 
for the vast stores of energy available m the hotter stars Here agam we 
are confronted with mystery profound (p 123) 

The distnbution of the elements — ^The reasons for tbmlnng that tho 
supplies of radium are contmually renewed turn on the facts 

1 Radium and uramum always occur together, and the two elements 
are not sufficiently common for this to be due to mere chance , and 

2 The proportion of radium to uramum m the uraniferous mmeials 
IS almost mvanable — 1 35,000,000 This approximate constancy is clearly 
the result of an equihbnum between production and decay The suppty 
of radium is regulated by its relative rates of formation and degradation , 
and when the speeds of the opposmg reactions are balanced, the ratio 
radium uramum must bo constant It is mterestmg to observe m this 
connection that a very small amount of hehtun is always found occluded 
m uraniferous mmerals Assuming that no hehum escapes, the small 
amouirt found m a given rock wiU be a measure of tho time which has 
elapsed since the birth of that particular sample, but this gas must be 
constantly leakmg mto the atmosphere, and, consequently, the “ age ” 
so computed will be a mmimum age of the mmeral for the mmeral m^ be 
older, but not younger than the age so computed Hence, by detenmW 
the relative amoimts of uramum and helium m a mmeral, its mmim^S 
can be estimated In this way, Strutt estimated that it requires elevin 
^on yrars to produce one o o of hehum per gram of uramum Lead 
abo has been detwted m over forty uraniferous mmerals , and m manv 
of there^ses I^d does not occur near the uramum deposit Hence it m 
co^dered unljely that_^e lead has been deposited abo^ the nramni^ by 
subten^^n streanw The general notion is that lead is the “ final ” 
product of the degredation of uramum (p 845), m ^ite of the fact that the 
chf^e K too slow to be obrerved directly, and the evidence very flimsy 

Kb , ^ ^lauation for the « inseparable compamon- 

f f ®“P^a®zed on p 818 The “cccurronw” or 
distnbution of the elements over the earth appears to be an efiect ox 
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an important gcnotio law Tlio approvimate uniform quantifies of many 
of the rarer metals in different parts of the earth mdioato that these elements 
are degradation products of more oomple’c elements , and that they, m 
turn, will probably bo degraded mto simpler products The relative speeds 
of these slow changes dotermmo the amount of each element which can bo 
present on the earth at any given time 

Tlie student may \ory properly think that a modicum of fact ta here 
entangled with an abnormal amount of speculation, especially when it is 
remembered that the evponments haie been made upon ■very minute 
quantities of matenal At first sight, it docs appear ns if w o have de\ eloped 
what A Smithells humorously called “ a ohcinistrj of phantoms ’* Thanks, 
howe%or, to the ovtraordmnrj dohoacj' of the electrometer and of the 
spectroscope, there is no doubt about the facts, even though but o\tromely 
mmuto quantities of radium are available for expenraents The argument 
converges on the assumption that radionctivitv is an atomic property, 
this hypothesis, m turn, is mainlj based on the mdiflerencc of the speed 
of radiooctno changes to external conditions of tempemturo, pressure, etc 
It IS therefore pertinent to mquirc mto the \nbdily of the alternative 
hj’pothesis, and oak 

Are the " radioactive elements ” really elements, or are they 
compounds contammg hehum ? As already hmted, the dogma that 
radium is an clement is not so firmly established that there arc no reason 
able grounds for the exercise of some Cartesian doubt (p 735), for, said 
E W Morley (1009), he is uiso whose assertions regard the possibility of 
finding at some time eiidenco to the contrary E Rutherford (1900) 
has said that “ since in a largo number of cases the transformation of the 
atoms IS accompanied bj one or more charged atoms of hehum, it is 
difficult to avoid the conclusion that the atoms of the mdioaotivo elements 
are bmlt ujp, m part at least, of helium atoms” As an altcmatno to 
Rutherford’s atom disintegration hypothesis, and ns a corollaiy to the 
mf orenoc that the molecules of the argon hehum family are rqally poly'atomio 
(pp 604, 669), R Meldola (1903) suggested that the radioactive elements 
are really compounds of an active form of helium m the same sense that 
nitrogen chloride may be said to contain the atomic or active form of 
mtrogen Orihnaiy helium, like ordinary nitrogen, is characterized by 
great chemical mactivity If this hy pothcsis bo ^ ahd, it must be supported 
by a formidable list of umquo hypotheses, for it must bo assumed further 

u ^ the alleged oompoimd — helide — is spontaneously' decomposmg, 
(2) abnomally large amounts of energy are set free during the decomposi 
won, (3) the omission of radiations accompanies the change, (4) the 
sp^d of the dwomposition is not affected by any known extcnial con- 
ditions , and (6) m opposition to a little circumstantial ei'idencc, that the 

oIj of atoms, and not monatomic Otherwise, 

^ds H E ^mstrong (1913) the decomposition of radium regarded ns a 
compound of atomic helium is no more remarkable than that of liqmd ozone, 
or of nitrogen chlondo * Armstrong contmues ^ 

when 
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The plausibility of the hehde aigmnent turns on this The greater the 
amount of hypothetical energy assumed to be reqtured to break down 
the hvpothetical helide molecule into its supposed atoms, the greater the 
appearance of probability of the argument that radioactive phenomena are 
chemical in kmd Questions like these have to be treated more by inshnct 
(or pre]udice) thstn by logic , and those who do the work must use what 
hvpotheses they find most fmltfuL 

‘ H. S. Sheldon (1913) has emphasized the fact that the indifference of 
radioactive changes to temperature and other physical conditions must be 
a relative phenomenon, and a consequence of the limited range of our 
resources The highest temperatures of our laboratories — 3000'* — are 
feeble when contrasted with those ten times hotter, which prevail m the 
colossal furnaces revealed by stellar spectra of the hotter stars Conse- 
quently, the mdifference of radioactive changes to external conditions 
cannot be accepted as absolute Suppose, he adds, that electricity were 
unknown and it was only possible to attam vanations of temperatures of 
afewd^reesmour laboratones,then a large number of so-called compounds 
would be classed as elements, and the slow decomposition of many sub- 
stances with the evolution of heat would appear as marvellous sources of 
eneigy, as unaccountable as radioactive changes are to day 

§ 10 The Effect of the Discovery of Radioactivity on the Definitions 

of Element and Atom. 

Wc most fight against the soporific mfiaence of sham definitions Especiallv 
innst vfe gnardf against e\er allowing Uiem to stand in the way of an mqnuy 
into facts — A- Sedgwick. 

Katnrally, the student of chemistry may be somewhat disconcerted 
with this apparent attack on what appear to be the essential pnnciples of 
cheraistiy outlmed m the earher part of this text-book. At first sight, it 
seems as if we must say ‘good-bye to the equations of chemistry,” b^nse, 
if the truth about the suqiected disruption of atoms be ever vindicated, it 
appears that the fundamental concepts — atom, element, persistence of 
weight, etc — must be revised m order to make them describe the facts 

The elements — The conception of an element, given on p 12, has 
long held an honoured place m chemical text-books , and, with this l^ore 
us, it certamly appears illogical to apply the term to a substance which 
can he resolved mto two or more simpler forms of matter Any substance 
which can furnish two or more different elements has certainly forfeited 
its place m the hst of elements Some try to evade the difBoulty bv 
assummg that there is an agreement among chemists to recognize a sub- 
stance as an element which, under proper conditions, exhibits a spectrum 
showmg charactenstio Imes possess^ by no other element, and possesses 
a definite combining weight Of comse, are at liberty to change onr 
defimtjons, but, as W Bancroft (1912) has said, the only advantage of the 
new definition is that it enables chemists to say that they have decomposed 
an element S Cune (1911) stated definitely that radami is not a^m- 
poimd of helium, but the only way she can make radium an element is by 
changmg the old defimtion so that it shall not mclude radium The 
definition on p 12, however, is elastic enough to cover cases of trans- 
mutation, for, if an element contammg but one kind of matter suffered an 



854 


MODERN INORGANIC CHEIHISTRY 


ntomio cataclysm, it might furnish two or more different lands of matter 
each of which is an element because it contams but one kind of matter 
It would probably lead to clearer thinkmg if a special term were im ented 
For example, some one has suggested that the elements bo called chemical 
•pnmanea Wo are always loath to multiply definitions, and would much 
rather oondonse a number of dofimtions into one , hero, however, there 
seems a special need for distmguiahmg terms As already emphasized, the 
dofimtion must not be taken to imply that the elements are absolutely 
immutable, although, so far as our present loiow ledge goes, they ate both 
immutable and pnmitivo 

The scorns — ^Paradoxical as it may seem, the hypothesis that the atom 
of an element is a moat mtneate bit of mcchamsm, a complex aggregate 
of parts hablo to disruption, is now gcnerallj accepted This, however, 
does not affeot the time honoured definition of an atom mdieatcd on p 36 
The atom still remains a veritable unit indivisible in chemical reactions 
Had the facts, speoulations, and theories discussed in these ooncluding 
chapters been treated at the beginnmg of our study, that would not ha\e 
altered our mode of presenting the facte of matenai chomistiy 

The law of persistence of weight — Suppose an atomic convulsion 
or cataclysm were to oociir so that the complex system of clcetrons which 
18 supposed to form an atom were to break up mto simpler parts , suppose 
further some of the electrons grouped thcmsches into helium, and the 
others mto some other substance , and lot us also assume, for the moment, 
that some electrons simultaneously escape and arc merged into the icthor 
of space, it IS then conceivable that there will be an apparent loss of weight 
Consequentljr, while the law of persistence of weight holds good xntJi chemical 
reactions m which the atoms remain intact, it is quite concoivablc that an 
apparent loss in weight might occur durmg a mdioactnc change (p 7) 
If the products of the disintegration of the atom have mass, it might be 
inferred that the absolute mass still remains constant, although, if radium 
bo an element, the invariability of mass or weight can no longer ho referred 
back to the constancy of the atom Tins visionary phenomenon has been 
described m order to emphasiztf the need for care in building rigid, nont 
plastic concepts and definitions from negative results based on the un> 
contradicted oxpenenco of mankind, p 1 10 


§ II The Transmutation of the Metals~Alchemy 

M'ould to God all rnon might bccomo ndoptfl m our art for then gold, tho 
CToat idol of ninni ind would lose its \nhio imd wo should prize it onh 
for Its soicntifio teaching — k rinuLETnEs (c 1G21) ^ 


Alchemy appears to have been a medieval sy stem of philosophy, and 
it sought to demonstrate the validity of its doctrines concemmg tho cosmos 
by transmutmg the baser metals mto gold Tlic following excerpts from 
alchemical wntmgs w-ill perhaps make clear their ideas on tins subject 


Roger - 

outTho ““ essentmUv identical, they differ onh in form Term brings 

-AnBErAAG4^rm9S^ experimenter must tr> to d.seovcr and remo^f^ 

If by any mason the superfluous matter could bo orcanicnlK rpnio\ml fmm 
tlio baser metsls, they would become gold and whor 0^ only 
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itflolf the power o£ developing, through the removal of all defects and super- 
fluities the golden nature Tnnch the baser metals possess — P hitat jETHES 
(c. 1G23] 


The mystic gnome who laboured m order to qmckeu the growth Of the 
metals m mmes was a creature of the superstition of the childhood of man. 
The, perhaps, more philosophical alchemists beheved that the perfectmg 
of the metals occurred spontaneously m the “ bowels of the earth,” and 
Phny tells us that exhausted mmes have been closed down to enable the 
metals to fructify, and so be agam profitably worked m a few years’ time 
They also beheved that Nature aimed at the production of gold m mines, 
and that when she is hmdered m her design, the so called imperfect mbtals 
appeared The baser metals were hence called “ diseased gold ” , mercury 
was “ ailmg silver ” , copper, iron, lead, and tm were “ lepers ” which, 
when cured of their leprosy, w ould become gold The alchemists sought to 
find some means which would hasten the slow natural change so that the 
transmutation could be conducted m a much shorter time “ It is tVnH 


means,” said Roger Bacon, “ which the alchemists mdifferently called the 
elmr, the philosopher’s stone,” etc 

The alchemists wrote m a language we do not now understand They 
seem to have associated mystic extravagances with their operations, and 
to have desenbed their processes m obscure ambiguous jargon, with the 
result that their readers were “ stunned,” as Boyle expressed it, “ with dark 
and empty words ” No wonder that J Potanns (1620) complamed that 
after travelhng through many oountnes to examme the claims of the 
adepts, he found “ many deceivers, but no true philosophers ” , and N 
Lemeiy (1676) that “ th^ professed an art the beginnmg of which was 
deceit, the progress of which was falsehood, and the end beggary ” Alchemy 
thus fell mto disrepute, for it seemed as if its claims could be estabhshed 
only by chicanery and fraud Some of the more honest behevers explamed 
their failure by asserting that “ the art of making gold is beyond the 
reach of human capacity, and it is made known by God to those alone 
whom He favours, and ivho are called adepts ” The majonty of alchemists, 
hoivever, did seek to make gold cheaply with the sole object of gaming 
“ untold wealth ” Failme or delusion ivas mevitable Accordmgly, the 
alchemist often misrepresented the truth and degenerated mto a charlatan 
^ and impostor, pretending with vulgar frauds, that be had succeeded “in 
order,” sa^ M M P Muii, “that he rmght really make gold by cheatmc 
other people,” or else gam notonety " 

^’^utation appears to have come from the Egyptians 
and Chaldeans, but its real ongm is lost m remote antiquity M Berthelot 
(1886) considers that the idea did not ongmate from the philosophical 
vieire of the ancients on the umty of matter as is stated above, but mther 

from the attempts of the goldsmiths to make fraudulent substitutes for tho 
precious metals 

It IB ^ to underatand how the behef that the base metals could be 
converted mto gold doinmated ancient and medieval chemistry Pacta 
were cited m its favom The production of beads of silver and gold bv 
the oupeUation of metalho lead, and the reduction of metalho ores fu^hS 
direct evidence of the metamorphosis of the metals Again, iron Ssils 
m cop^r mmes b^aine coated with red copper when Mt m contact S 

the mme water, so that the iron was seemingly transmuted mto copper , 
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similarly, the formation of white and yellow alloys by mi\mg copper and 
certain earths, seemed ivith the then Imperfect knov\ lodge, ample proof 
of transmutation Tlio dogma of (ransmutalion Ihus appeared eminently 
plausible , it ran counter to no known laws of nature , it rested upon no 
e\tra^'agnnt assumptions , and it was snnotioncd by the highest authontics 
The immense labour which must ha% o been cxjicnded m the fruit Ic'^s pursuit 
of this ohemical ohimcra by the alchemists is apiinlhng The quest was 
virtuallj abandoned with the ads cut of Daioisicrt balance 

I Remsen (IflOS) has emphasi/ed the fact that the alchemists were the 
working ohcmists of their da> , and that they laid the foundations of c'qicn 
mental science Ho further tlci clops the idea tint there is a life after the 
death of a good doctrine The phlogiston theoiy lued in the form of 
the modem doctrine of free cncrg\ , and the idea that there is a relationship 
between the eloincnts is what Iteinscn calls the spiritual part of alchemy 
which In cs though alchemy is dead 

The alchemist’s dream of transmutation is little if any nearer realiza- 
tion to day than it was a thousand \cnrs ago, for no one 1ms jet renllv 
succeeded in transmuting one chemical element into another other Ihon by 
sjicculatiro argument There is no unimpeachable evidence of a 
single transmutation of one element into another prc-detcrmined by 
man In the words of S Ciino (1012) on no pent considircr qu’ily a pas 
encore actucllcmcnt do misons wiflisantos pour nduictlro quo la formation 
do oortains elements puisao ttro pro\oqu(?c li \olontc en jirCstnco de corps 
radioaotifs True enough, a few ridioaoinc elements — radium, nctiniuui, 
polonium, uninuini, and flionuni — scom to ha\c been disco\crcd in nature, 
and they are usually stated to be changing spontaneously from one elemental 
form to another , but no (irocoss known to man is able to accelerate or 
retard, sloji or start the mttamorpliosis No element has yet liccn broken 
down into a sinqilor substance b\ a process controllable b\ nmn “ Kaluro 
to bo couquered must bo obeyed ” (hrancis Bacon) 


Tlio aUeRcd ^nHiuiitulion of eopptr into lubiuin nntl sodium Ia A T 

J'HB Innn di mrti ».> S Curie niii) rrlrtlilseh (HU)S) 
(IttOhj— ih. tiihiuin noil Hodimn wire dtmril from the 
Rn n 0077 n^r U "f >»‘0« to'ui rndimn cmmiation h\ 

h^. P 1 '1 ^ Cniiitwn (lOOS) lin- lie* n demetl 

hnd ^''*',5*'' deriMnl from Uw air wJiieli 

bv thn f ^5^ ond tli< foriniition of rarlxm dioxido 

nLXl on Bofiitioiw of Oionum nnd zircoiinim 1a 

Mnim 1 ^ (fOOfl) Imi been riilln! m nufUion bi h Riitber/ord 

(1011) tho cnrlmn appears to )iia( been dcri\<^ from tfie croruicuHid m fiibncatine 
101& J "I'-eed transmutation of lAuroK.,; Ia ^ 


tor rI>o« U.«t not 

lar rrom .J,UUO,000,000 cals of heat aro ciohed during the degradation 

* combustion of a similar weight of coal Heneo it is 

Ulo atoms of the radio active elements, and probably also of othw 
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elements, have tremendous stores of potential energy, far greater than is 
developed durmg ordmary chemical reactions. The rate of degradation 
of the energy of the radioactive elements is comparatively slow, and is 
not available for domg useful work. The rate of evolution cannot be 
influenced by any known conditions and consequently the transmutation 
of the elements mvolves the discovery of methods of controlhng these 
tremendous supphes of energy Just as the apphcation of a large’ quantity 
of electncal energy concentrated at the ends of a pair of platmnm wires 
enabled H. Davy (1808) to decompose the alkalis, so W Ostwald, W 
Bamsay, and others infer 1 / ever one, stable dement is transmuted into 
another demenU o, large quaniity of energy tn a highly concentrated condition 
uoiU be required This is qmte m harmony with the alleged dissociation of 
the elements m the hotter stars {qv) where but a few elements are present, 
and where the temperature has been estimated at 26,000“ The 3000“- 
4000“ obtamed m some electnpal furnaces appear but puny m comparison 
with the tremendous natural jiowers present m the hotter stars — ^p 376 
It has been pomted out that the formation of, say, gold from a metal 
atomically hghter, say tm, would require the expenditure of so much 
energy that even if the transformation were accomphshed, it could not be 
a successful commercial process for the production of gold On the other 
band, the formation of gold from an atomically heavier metal, say lead, 
would hberate such an enormous amount of energy that the gold would be 
but an insignificant by-product, for the energy hberated durmg the process 
would have an enormously greater value than the metal 


§ 12 The Creation and Annihilation of Matter 


Even if we resolve all matter into one kmd, that kind will need explaining 
And 80 on for ever and ever deeper and deejier mto the pit at whose bottom 
truth hes, without ei er reachmg it. For the pit is bottomless — O Hea\ i- 
sn>& 

^Oungs which are seen were not made of things which do appear —St Fatji,. 
.^ther 13 tlio x>arent of all things — LucfiETzus [c 60 b o ) 


In mechanics, the defimtion of matter os based upon Newton’s first law 
of motion— the law of mertisr— where matter is defined as that which 
requnes the expenditure of an external force to change its state of motion 
Otherwise expressed, mertia, or helplessness, is a charactenstio of every 
form of matter No material thing can of itself change its own state of 
motion, for an external mfluence is requned before such a change can 
take place If it be admitted that any entity which requires the applica- 
Uon of a force before it can change its state of motion is said to be a 
form of matter, an electron m motion must be a form of matter, because 
it req^s the apphcation of a force to change its state of motion 

The merfaa of matter —This defimtion is also reversed, and force is 
defined to be that i^uence which is reqmred to change the veloatv 
of any materi^ body^, and it is measured m terms of the dyne as umt 
A dyne is that force which apphed to a mass of one gram durmg one second 

d ^ ^ centimetre per second when actmg for oneSmd 

These Ideas can be e^r^ed m another form The mertia of a body is that 

proper ofmatterwhich resists changeof motion, anditismeasuredmte^ 

of the force required to produce a change of one centimetre per second m the 
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volooity of tho body According!}) when the action of a foTcc on iico bodies j 
produces the same changcof idocityper wcond, their inertia: urceaid tobceqiial i 
The mass of matter — A bod} falling from a height down to tho^^ 
earth’s surface — 1 « vacuo so as not to be influenced by tho rcMslanco of tlie 
air — gains in iclocity, sai, g oni |itr second If the mass of tho bod} be 
in, then the force pulling tliat bod\ down will bo nicisured In the produce 
vig This IS the weight of a bod\ , hence the weight of a Imd} is g tunes 
its mass Tho weight w of a body measures the force by winch it Is 
attracted to the earth’s surface, whereas mass refers to the quantity of 
matter m in a bod\, and is mdciiendent of gmiitation or weight Exjicn* 
nionts haio shown that all material bodies ha\c tho saino niinicncnl mine 
for g, namely, 081 cm per second when acting for one usiond (latitude 10’, 
and at sea level) Acoonlmglv, it = 0S1 in, or the vnight of one gram of 
matter is 081 d}nc9 , or tho weight of a liodv is 081 tiiiiM its inn'ss , or the 
mass of a bod> is of its weight— mukr standard conditions Tlio 
masses of two bodies in the same place must therefore he jiitiiKirtioiiftl to 
their weights If in the vane heahty the action of grnuty on tiro Inyltrs 
produces the same change of lelocity per ceeond, their viniiri are taid to be 
equal Tins conclusion is in Jinrinonv with that diahacd in the preceding 
paragraph, and, accordingl} , it has been niftrrtd that mass and inertia 
are identical , meaning that the definitions of inrrtia and of ina«s, in the 
nomenolaturc of nicclmnics nrr not imitiinllv e\ohisiic 

Electromagnetic mass — When charges of elcctrioilv an set in motion, 
they act like electric currents, and sit np magnet n. fields wlneh op|)o«e 
the motion — ^Jjcn? s law Motion against iJic induction cfTects rr quires an 
expenditure of energ}, and therefore a moving charged ]«irticlo will npjicar 
to have an added electromagnetic inertia in virtue of its eonstiliicnt 
charges Tins added inertia will be proportional to the total elect ’■teal 
cnergv of tho chaigcs H Kaufmann (IttOO) incasureil tho vailuc of the 
numoncal ratio c/»i, where e represents the clcttrm charge, and ni the inertia 
or tho mass, for cleclrona travillmg at dilTcrent sjiwds, and found — 

Volocitv X 10-'» 2 SI 212 2r,0 2 js J ii, units 

c/m X lO-'o 0 01 0 77, 0 07, 1 17 I TI units 

Hence, cither tho rahio of m incrcam or the charge i decre/aes with in 

oroasmg wclooitv, for the greater the vtlocit} the smaller the miimncnl 
value of tho ratio of the olectnc charge to tho iiiasb i’lghtiv or wronglv, 
it is assumed that tho charge on the particles reinnuis constant and in 
variable, mid accordmglv, it follows that the (elcetroinagiietie) mass of the 
electrons is not constant, but increases rapidl} ns the velocit} is auginented 
Eurther, if nii} jinrl of the mass of an electron is ordinal} iiiechnnicnl mn“s, 
it must bo vorv small in coiiqinrison with that which is of electrical origin, 
smeo the electrical merlin of a bodv’ dcjiends upon its volocitv and 
approaches infinity w lien the volocitv of the bodv approaches that of light 
This variation m the apjiarent inertia or mass of a bodv is the same ns if the 
tlectncal mass existed alone, and the material muss were virtunll} rcro 
Consequently it has been inferred that (J) the electrons do not pos 9 Cj,s a 
matcnal mass in the ordinnrv sense of the w ord , and (2) t he electrons hav c 
no mass other than that which is derived from their motion and electrical 
charge If tho real mass of an atom is tho sum of tho positiv o and negative 
electrons, and tho latter have no matcnal moss, it imght bo inferred that 
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'the positive electrons or the mass of an atom would still remain a constant, 
H A Lorentz, however, has shown that m all probabihty the masses of 
all particles will he affected by fheir translational velocity to tthe same 
degree as the electromagnetic mass of the electrons 

A gmn , it IS assumed that electricity is a phenomenon 'of the aether, 
and that the atom IS bmlt entirely of electrons, consequently, as J Larmor 
(1900) expressed it atoms are forms of sethereal stram, or the material 
atom IS formed entir-ely of aether, and has no matenal substratum 
IHuther, the electrons are supposed to be minute electrified strains, squirts, 
vortices, swirls, eddies, 'or whirlpools m the aether The mtongible, im,- 
ponderable, all-pervading jether is supposed to be susceptible to the sohch 
tations of gravity, as matter, only when it is stirred mto innumerable 
swirls, which are held'together by powerful cohesive forces Hence, it is 
said cedier is the mother of matter , for m the aether — 

Wrapt in mystic silences end glootns. 

The slumb’nng seaTots of creation lie 

Some even claim to have created matenal atoms from immaterial aether, but 
the claims are somewhat questionable The stages m the alleged genesis 
and destruction of matter can thus be symbolized 

Material Iramatenal 

Matter en masse ^ Molecules ^ Atoms s=^ Electrons ^ iEtlier 
Dematenalization of matter ^ Materialization of ®thor. 

When, therefore, it is assumed that matenal electrons have been resolved 
into pnimtive aether by rehevmg the strains, or stilhng the swirls, it is at 
the same time assumed that matter can be depnved of cosmical existence, 
and transmogrified mto Nirvaman nothingness With the annihilation 
of ponderable matter, the law of the conservation of matter disappears, 
and apparently the only contitant m the umverse is nothingness ! 

The argument turns on the nature of the electrons and of the sether 
The mther is assumed to bo immatenal, or, as Pythagoras (c, 600 B,o ) 
expressed it, “a celestial substauce free from all perceptible matter” 
As a matter of fact, the lethenal plenum cannot be compared with any 
known thmg It is utterly beyond the range of our sensfe perceptions, 
and as <1 le Bon (1907) has said, we are related to the eether much as a 
man bom deaf is related to music, or a man bom blmd is related to colour , 
accordmgly, no analogy can make such men understand what is a sound 
or a colour In the words of T A Edison (1893) “ As for the tether which 
speculative science supposes to exist, I know nothing about it,’^ 


§ 13 Thomson’s Corpuscular or Electromc Hjrpothesis of Matter 
n wa bo curious to know what matter is, wo plunge at once mto that deen 

movement ^A. 

No difference other than velocity of translatory motion has been 
detected m the properties of negative electee whep produced in many 
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Table LXIir 


Total 
number 
of elec 
trons 

Number of electrons 
m Bucccssivo nnm 
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11 
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11 
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10 

U 
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30 

10 

12 
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17 

10 
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8 
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10 

12 
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63 
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I 
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60 
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10 

12 
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10 

10 

12 

8 

1 

68 

10 

in 

I t 

s 
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different rraj’S, and from many different 
gases , and since the mass of a nega- 
ti\o electron (corpuscle) is leas than 
that of any known atom, the cor- 
puscle must bo a constituent of man} 
different substances, and the atoms 
of these substances consequently must 
have something in common This 
suggests the idea that the atoms of 
the olicmical elements are built of 
simpler components the electrons have 
thus been regarded ns the ultimate 
sub atoms or the Umlomen of which 
matter is essentiall} composed Since 
the electron is a constituent of nlonis 
J .T 'J'liomson ronsidcrs that “ it is 
natural to regard the electron as a 
constituent of the primordial B}sloni ’ 
J J Thomson *s electronic theory of 
matter is one of the unitary theoncs 
of matter It assumes that each 
atom of any element consists of a 
large number of electrons, all elec 
trifled negatively, and held together 
by positive elcctncity equivalent in 
amount to the sum of the negative 
charges of all the electrons so as to 
produce an electrically neutral atom 
Tlionison also accepts tho atom dis 
integration h} pothcsis of mdioaclivit> 
The distribution of n number of 
nognt n ely charged part icles in a sphere 
of uniform density has been in\ cstigat ed 
mathcmnlicall} b} J J Thomson 
(190-1) Fne is the greatest number 
of electrons winch can bo m eqmh 
brium m a single nng But if other 
electrons bo placed within the nng, 
a larger number can bo maintained 
m cquilibnum in one nng Tims a 
nng containing siv electrons would 
not olonc be stable, but if a scicntli 
electron bo placed withm the hexoidal 
unstable ring, the S}stem will become 
stable. A greater number of electrons 
will arrange thomsoB cs in a senes 
of concentric nngs Tables LXm 
and IiXlV illustrate the number of 
electrons arrauged in a senes of 
concent nc nngs winch give s}’^tcms 
in stable cquilibniini when the number 
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of electrons in the system ranges from 1 to 67 These suffice to illustrate 
the prmoiple mvolved 

Mayer’s Floating Magnets — The idea was neatly demonstrated by 
repeatmg an old experiment due to A M Mayer (1878-9), Small uni- 
formly magnetized needles were thrust through discs of cork, and floated 
on water so that the negative poles of all the needles floated above the 
surface of the water while the positive poles 
were submerged These needles arrange 
themselves like J J Thomson’s imagmary 
corpuscles when a positively charged mag- 
netic pole is suspended a little above the 
surface of the water The diagram, Fig 324, 
shows that a group of four needles arrange 
themselves m the water at the four comers 
of a sfjuare , if another needle be thrown 
mto the water, the five needles take up 
positions at the comers of a pentagon , if 
another needle be thrown m, five needles 
form a pentagon as before, but the sixth 
needle goes to the centre of the pentagon, 
if another needle be introduced, six arrange 
themselves at the comers of a hexagon, and 
the remaining needle goes to the centre 

Thus, a rmg of six ne^es is unstable if hollow, but it is stable when 
another is placed inside This is an important prmoiple m the formation 
of stable systems of negatively charged electrons It is obvious that for 
stable equilibrium the structure must be substantial , a system vnih a laige 
number of electrons on the outside, and none unthin, unU be unstable 

There is an important difference between Mayer’s floatmg magnets, 
Thomson’s systems of concentno rmgs of corpuscles, and the ooipuscles 
m a real atom, because the two former are supposed to move m one plane 
(as on the surface of the water), whereas the corpuscles of an atom could 
no doubt move m any direction m space 

The architecture of the atom — ^Accordmg to Lord Kelvin’s hypo- 
thesis (1902) each atom is a remarkable constellation of electrons ranged m 
a system of concentno rmgs all assembled withm a sphere of uniform 
positive electrification Although the mass of the negative electron 
^ hydrogen atom, it cannot be assumed that the 

hydrogen atom contams about 1700 negative electrons, unless the mass of 
the positive electron be ignored The surface of the imagmary sphere may 
be regarded as the limitmg surface of the atom The electrons are further 
assumed to be m rapid orbital motion about the centre of the sphere, and 
they are therefore dnven outwards by a defimte centrifugal force Tli^ 
are subject to the mutual repulsion of the negative electrons and the 
attraction of the total positive charge Positive eleotncity never appears 
apart from matter so that it is alwaj's associated with the atom^itselt 
Some very mterestmg mvestigations have recently been made on the 
nature of the positive electrons In order to explam spectral phenomena, 
Nagaoka (1904) assumed that the positive charge is concentrated at a 
pomt m the centre of the atom, and the charge is not then nnifonnlv 
distnbuted over the sphere As H Poincare expressed the idea “ The 
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neutral atom may be considered to be composed of an immovable prmoiple 
portion positively charged round which move, like satelhtes round a 

planet, several negative electrons of 
very inferior mass ” Pig 326 gi\'es but 
a crude notion of what is meant b]/ 
ooncentnc rings of corpuscles m rapid 
orbital motion about a central poa- 
tnely charged electron The atom his 
thus been compared with tha plank: 
Saturn and its rmgs This mtnea^ 
mechanism is supposed to rcprescKt 
the inner structure of the chemist’s 
atom The atoms, m turn, are sup* 
posed to be disposed in the molecule 
in an analogous manner Consequently, 
the relation of the electrons to the 
whole molecule must be somewhat complex The apparent hardness and 
impenetrabihty of the atom, so well emphasized by Newton, p 33, now 
appears to be a kmd of gjTostatic eqmlibnum duo to the rapidity of motion 
of the component electrons. We are told that a soft wax candle fired 
from a gun can be shot through a deal board, and that the speed of the 
]ets of water m hydraulic mmmg m California was so great that a man 
could not strike an axe into the water which had pist left the nozzle 
It IS quite possible therefore that an atom may appear to bo ngid owing 
to the rapid motion of the constituent electrons “ Hardness,” it is sauC 
“ IS merely softness m rapid motion " 



Fia 326 — ^Diagraimnatio Bepresen 
tation of one form of the Cor 
pusolar Bmg Hypothesis of the 
Constitution of an Atom 


The Satumum atom — One reason for x>OBtuIatmg the Sntumian atom os a 
basis for investimtion is rather interesting J Plotcau spun little spheres of oil 
m a mixture of alcohol ond water so that they rototed while suspended in the liquid 
During their rotation the little spheres flattened at their poles and bulged at 
their equators IMion the speed of rotation of a sphere is great enough, imgs of 
oil wero thrown off The rings broke and coalesced to form little spherules imich 
rototed on their own oxes and ro\ oh cd round the parent sphere This remarkable 
expe riment has been used for illustrating o possible mode of formation of a solar 
system like ours from a contracting spinning nebula Tho Saturnian atom is 
suppos^ to bo the figure of equilibrium of a moss of rotjitmg electrons in a sphere 
of pontive electrification It is not di£3calt to understand how tho “ figure of 
equmbrium of a rotating fluid cannot be sphenool, for grn\ itt is progtessw eh 
n^tralued m passmg from tho axes of rotation (tho poles) towards the equator, 
where ttie mass » specifically lighter The faster the spin the more oblate the 
spliemd, and m me exteeme case with an mcrcasmg speed of gyration, tho spheroid 
must become either a flattened disc, or else, at some cnticnrielooitv, there must 
^ an interruption m tho process of flattening, and tho spheroid must alter funda 

^ PomennS (1886), G H Danvm (1870- 
al), and J H Jeans (1904) have investigated the subject mathematically 

Rutherfi^d’s atom — ^In order to explam tho scattering of the a rays 
by matter, E Rutherford (1911) assumed that the atom contains (i) a 
masave nucleus no larger than 10“^- cm in diameter and charged with 
positive electnexty (u) A cluster of negative electrons revolving about 
the central muoleus in orbital motion (ui) An outer group containing but 
a few elMtrons TOtatmg about the mner group and which arc much Jess 
rigidly attached to the atom To explam why the phj'fflcal and chemical 
properties of the atom do not go band m hand with X roy and yray 
phenomena, it is further assumed that (o) the outer group of electrons are 
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responsible ior the physical and ohemical properties of the atom , that (6) 
the inner group determines the phenomena associated with radioactivity , 
ond that (c) the positive nucleus mainly detennmes the mass of the atom, 
while the groups of negative electrons are but a small multiple of the atomic 
weight Hence, the inner group can be called fixed electrons ; and the 
outer group, vsdency or mobile electrons N Bolir (1013) has apphed 
the quantum theory of radiation (p 673) to Rutherford’s model atohi to 
calculate the size of the atom, and he explams the senes of hues found m the 
spectrum of some elements ' The results deduced from the mathematical 
theory based on Rutherford’s atom have been very encouragmg 

J AV Nicholaon (1014) has extended Bohr’s work He calonlnted the possible 
Spectral hnes of nebulium, and found that his theory did not account for two of 
tlio hnes which had been recorded for this element vn the spectra of the nehuls! 
Wolf of Heidelberg later found that these two hues in the spectrum of the ring 
nebula in Lj^ra had a different on^ from the true nebuhum hnes , Nicliolson also 
predicted the existence of a now n^uhum hne not previously noticed, which Whght 
of the Lick Observatorj found on photographic plates taken years previonSy, 
but which waa so famt that it escaped notice 


The penodic law — ^Ever smee J B Dumas (1851) wrote 

Every chemical compound forms a complete whole Its chemical nature 
depends primarily on the arrangement ond number of the constituent atoms, and 
to a less degree on their chemical nature, 


it has been considered a fundamental principle m chemistiy that sub- 
stances similarly constituted have similar properties If stable aggregates 
of electrons are similarly constituted, their properties, within certain 
limitations, will be similar even though the atomic weights be different 
An exammation of the list of stable systems of electrons m Tables T.yTTT 
and LXIV , arranged m the order of mcreasmg mass, shows that there is a 
certam smulanty m the groupmg at certam mtervals Thus, the properties 
connected with a five nng group can only recur at mtervals , si^arly 
with the properties of the “ doublet ” 10- and 6-nng group , the tnplet 
16-, 10-, and S-rmgs , and the quartet 17-, 16 > 10-, 6-rmgs Hence, we 
can ^vide the vanous groups of electrons mto famihes such that any one 
familj IS derived from the preceding members by the addition of another 
nng of coipusclea Thus 


Number of corpuscles fn 
successive nngs 


Total number of corpuscles 


( 21 

17 

15 

10 

17 

16 

10 

5 

- 15 

10 

6 


10 

6 



6 

- 

- 

- 

08 

\ 

47 

30 

15 


onus id^ gives a rather definite conception of the meanmg of the periodic 
aw A penodio law thus appears as a necessary consequence of the 

Of systems of concitnc rmWS 
electrons , for obvioudy, CCTtam rtnffs of electrons recur pmoihcanywSi 
Oft iTMJr^e m ills nutr^er of electrons which male up the atom, and atoii 
with related must possess many common properties m virtue of the 
Bimiknty m the groupmg of some of the tm^ Thus J J Tbn«,«?» 
tojfemonBteaW that tta Bpeoto. d Buch groofl wLd k m 
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The misfits in Mendel6efi’s table —It is even possible to see how 
elements with similar properties may fall into the “ wrong ” group m 
Mendeldoff’s table if classed solely by their atomic weights Starling from 
sodium m the scheme on p 808, we can see that if the elements are really 
formed by the aggregation or condensation of electrons (p 830), the ' 
sodium atom might collect more electrons until, say, two different stable^' 
systems capable of separate CTistcnoo are formed Thus, sodium might 
furnish two subgroups — ^potassium and copper The properties of an 
element are supposed to bo dctermuicd by the slruoturo of rings of clootronsj 
and differences m the properties of members of the subgroups is due to 
the differences m the mtcmal structure of the atoms although the atoms 
probably possess some rmgs m common Each subgroup, by a further 
condensation of electrons, forma the succeeding family members indicated 
m the vertical columns of the table Consequently , it is quite true, m a 
general way, to say that the elements wore c\ol\cd in the order of their 
atomic weights, but they must also have evolved in groups down the 
vertical as well as along the horizontal Imcs Hence, as J N Lookyer 
observed (p 823), the elements do not nival's appear in the cooling stars 
m the order of their atomic weights In nrtue of this multiple growth 
hypothesis of A C and A E Jessup (1U08), it is to bo cvpcctcd that in 
some cases an clement m any particular group may contam more or less 
electrons, and hence have a slightly greater or less atomic weight than 
adjacent olementn m the next succeeding group 


Working from (in atom of tho Rutherford t\'pe, J W Nicholson (1014) has 
calculated spectral lines for Mbrating electrons in synteias irith nn ossuiiicd ntoniio 
number Ic, 2e, 3«, ie 6c and 6c corresponding with Moseley’s atomic number, imd 
with tho respective atomic weights 


Moibcnt 

Prh 



_ 

Nu 

Pf 

Aro 

Atomic number 

If 

2f 

3c 

4c 

ne 

Or 

Atomic weight 

0 082 

0 327 

0 730 

131 

2 I 

20 


Tlio lines corresiiondmg with Ic exist m tho spectra of nebtilai and hn\c been 
assumed to belong to nn unknoim primitiio clement called prolo hydrorjen Pfh , 
the lines corresponding ii itli 2c are prciont in nebulic and in No\ n I’l twoi siinilnrly 
famt lines corresponding with those computed for Ic are found in nobulie te 
belongs to nebubum, Nu tho lines for 6c has o not been foun(i in nobulie, but 
those m tho solar corona haio been supposed to represent ii non tcrrestnal 
proto fluorine, Pf , tho hnes for Oc exist in tho spectra of ncbiilra and havo been 
supposed to roprcsoiit an unknown element arcomum , Arc Luics correspondmg 
with 7c are also found m nebula; 

Electronegative and electropositive characters — Some of these 
systems are more stable than others Gousidcr tho projicrlies of tho 
systems with 20 rmgs on tho outside— Table LXW The first member vit h 
69 electrons is on tho verge of instability, and when it is subjected to 
a small disturbance, a negatiic olcotron can bo readily detached from 
tho outer nng If one negatne electron vero lost from it, th6 residue 
would have a positive charge, and it vould behave like a positimly' charged 
ion, that IS like an electropositive or basic element The sy stem mth 60 
electrons is more stable than the one with 69, and it will not bo so readily 
broken as tho preceding This means that this i^'stem will not be so basic 
as the precedmg Sinularly tho ^stom vith 01 electrons will be loss basic 
than the one with 60 , and 62 will be less basic agam than 01. In 63, 
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the stability is so great that there is little danger o£ losing electrons from 
the outer ring, and an electron could lie on the surface of the system mthout 
breaking a ring In that case, the 
Bj^em irould receive a negative charge 
and behave like an electronegative or 
acidic element. Hence, the electro- 
negative elements may be regarded 
as possessmg neutral atoms with 
a tendency to absorb negative elec- 
trons from ■without, and electro- 
positive elements are regarded as 
neutral atoms with a tendency to 
part with negative electrons The 
electronegative character mcreases 
"vnth mcreasmg atomic ireight until 
the system with 67 electrons is reached. 

This corresponds with the fact that m 
Mendeleeffs list of elements the elec- 
tronegative property is practically 
zero at the end with the allmli metals, 
and gradually becomes more marked 
with mcreasmg atomic "weight until, 
at the halogen end, it attains its maximum value The system with 68 
electrons resembles 69 m respect to stabihty, etc , and 69 resembles 60, 
and so on 

Null-valency — The ^stemwith 68 electrons is ■very stable and con- 
sequently, as soon as the o9-^stem has lost one electron, no more can 
escape because the system which remains is the most stable of all the 
systems "with 19 electrons m the outer nng The positi"vely charged 
residue "will therefore attract surroundmg electrons so that one "wiU im- 
mediately dart back to it, and reform the ^'stem "with 69 electrons The 
Bj'stem so formed ■will break up as before and the same cycle of changes 
would be repeated over and over agam Hence the 69 system "wiU not 
remam permanently charged . dmectly it loses an electron another takes 
its place. Such an atom would be unable to retam a positive or negative 
charge permanently , and it i\ould not be able to enter mto chemical 
combmation Consequently, it would behave like the members of the 
group of mert gases 

Valency —The system of 60 electrons will be the most electropositive 
of the senes . 

59, 60, 61, 62, 63, 64, 65, 66, 67 

■with 20 electrons m the outer nng It can lose but one corpuscle because 
if it lost two, the residue with 68 electrons would behave as if one electron 
from the group 59 had been removed , and, as we have seen, the 58 g^stem 
would immediately attract an electron Hence, the 60 system can lose 
one electron and form a ^em carrymg umt ohaige of positive electncity 
This means that the 60-system is univalent The system 61 would not 
be so ready to part with elections as 60, but it could afford to lose two 
electrons smee it is not reduced to the 58 group until it has lost three 
electrons The group with 61 electrons must therefore be bivalent 


Table LXTv 


Total 
number 
of elec 
trons 

Number of electrons 
m succession rmgs 
(numbered onwards) 

■! 

2 

3 

4 

5 

59 

20 

18 

13 

8 

o 

M 

60 

20 

16 

13 

8 

3 

61 

20 

16 

13 

9 

3 

62 

20 

17 

13 

9 

3 

63 

20 

17 

13 

10 

3 

64 

20 

17 

13 

10 

4 

65 

20 

17 

14 

10 

4 

66 

20 

17 

14 

10 

5 

67 

20 

17 

15 

10 

6 
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Against this, howc\or, it must lie rcmcnibored that posit i\c rnj nnnl 3 'sis 
flhons that tliero is no relation between the nmiibcr of electrons an atom 
can lose and the \alciic'v of the element , thus the inert gas helium readily 
loses two olootrons , the argon atom can carrj 1, 2, or 3 ■ix)''iti\'c charges , 
hijTiton, lour , etc 

Chemical combination — Supiwso that wo hnio in atom of the fypo 
60, and one of the t^pe (»7 , the fonnor would lie illustrated b> on atom 
of sodium, and the latter bj an atom of chloniie , the former can lose 
one negative electron, and the latter can gain one, but not more than one 
The electrons wlii(.h cscajio from the sodium atom can find a home on the 
chlonne atom, and if an equivalent number of both lie pit sent, each of 
the sodium atoms will acquire a posit i\c chaise, and eoeli of the chlorine 
atoms a negntiio charge The oppositol\ electrified atoms will attract 
one another, and form a compound NnCL When cleotroixisitiio and 
eldctronegatiTO atoms arc brought into pro\miit\ , the former loses and the 
latter gains on electron, ns a result, the former acquires a ]io'.iti\o mid the 
latter a ncgntiic charge, and the force of chemical affinity is the 
attraction exerted by the electropositive atom for the electron it 
has lost to the electronegative atom SimilnrK, if cqimnlent quant i 
tics of atoms of the tjfio (d and 67 had been mivcd, and this would lie 
illustrated bj tnlcuim and chlonne atoms, the atoms of calcium would 
each lose two nogatne charges, and each of the chlorine atoms would gam 
one negative cliaige Tims a iicutril 6\6tom would be formed In the 
combination of two chlonne atoms witn one cnloium atom, mid CnCl. would 
result Hence, sajn Thomson, from this point of mow n unnnlcnt clcetro 
positive atom is one which can Io«c one mid onl\ one electron to form 
a stable bjstcm under conditions winch prevail when chemical combination 
IS taking place SimilarU, inulalts viiilnurli% with unnnleiit electro 
iicgatnc atoms, bnnient atoms, etc 'Jims, the affinity of an atom 
depends upon the case with which an electron can escape from or 
be received by the atom 'riiis inaj bo intinencod b\ the conditions 
prc\mlmg at the time ehcimcal conibmntion is taking plow If tbc alonia 
be diflubcd m a good eonductiiig medium it would bo casitr for a lilxsrated 
torpusclo to resist being pulled back to llie original atom tlinii if the atoms 
wore dilluscd in n non conducting medium Hence tho vnlono of nu 
atom niaj bo influenced b^' the plnsit-il conditions under whieli it is pinceil 
The ability of an atom to enter into chemical combination depends 
upon its power of acquiring a charge of electricity llnis cbcmieal 
affinity IS elect ncnl nflinit^ , or, ns H Dn^'^ expressed it in 1810, “clcctncnl 
and ohcniical attractions arc produced bj the same cause acting in one case 
on particles, and m tho other on masses " 

Abegg’s normal and contra valencies — Wc have just seen that the 
60 sj stem can acquire one and onlj one positn c charge bv the loss of one 
iiegalnc electron , but it is coiiccnnblc tlint additional ntgatno elect rons 
could bo forced into tlio system so Hint the total number of electrons 
increase to 61, 62, 63, 64, 65, 66, and 07 , and at llie same limo the sj'stcnis 
would become more and more stable If mi additional electron were 
forced mto the 07 system, an unstable i^slem with 08 electrons ivoiild bo 
formed Consequcntlj', 07 is tho greatest number of ncgatiio electrons 
which we can hope to force into tho 00 B 3 Stcin to furnish a stable system 
with au oleoironcgativo valency of 7 — tho electropositive \alcuoy of tho 



EADIOAOHVrrY 


86 ? 


60 ^stem xs one Similarly, mutalis midatidts, with the other B 3 rstems, 
and ThomBon has tabulated the properties of the ^sterna containmg 59 to 
67 electrons as follows 


Number of electrons 60 60 61 62 63 64 65 66 67 

Valency f +0 +1 +2 +3 +4 —3 —2 — 1 — 0 

1-8-7 -6 -6 -4 +5 +6 +7 +8 

^ ^ - - - — ^ ^ 

Electropositive Electronegative 

Tins sequence of jiroperties mutates that observed with the elements • 


He, Li, Be, B, C, X, O, P, He 
Ne, Ha, Mg, Al. Si, P, S, Cl, A 


The first and last members of the senes only are null- valent , the second 
set IS univalent electropositive, and the last but one univalent electro- 
negative, the third is bivalent electropositive, and the last but two 
bivalent electronegative, etc 

This recalls an observation of D L Mendel^eff to the effect that the 
sum of the maximum oxygen and hydrogen valencies of the elements m 
certam groups of the penodio senes is equal to 8 , e.g , 

SiH,, PHa, SHj, CIH 

S1O2, ^2^S» SO3, ClaOj 


Jn Ignorance of the number of electrons m successive rmgs, it is inferred 
that the number of mobile electrons m the outer rmg cannot exceed eight, 
and this represents the greatest chai^ which has yet been observed, the 
immmum is zero It is further assumed that there is a tendency for these 
electrons m every atom to assume either the maximum or the TmTumnn^ 
value Thus, if an atom has five mobile electrons, it can either lose all five 
and acquire a positive valency of five, or it can attract three more electrons 
from without, make its complement up to eight, and thus acquire a negative 
valency of three Which of these two possible effects will take place, will 
depend upon the nature of the neighbourmg atom Thus, if a phosphorus 
atom be surrounded by hydrogen atoms, under the right conditions of 
temperature, etc , its behaviour would correspond with its gammg three 
elwtrons, becommg electronegative, and formmg PH 3 with a maximum 
valency of three , on the other hand, if it be in contact with a strongly elec- 
tronegative element like chlorme, it appears to lose five electrons, become 
electropositive, and to form PCI3 or PCI5 with a maximum valency of five 
Vanable valency here meets a rational interpretation, for the whole of the 
available electrons need not be always removed together Tlie work done 
m removing a second electron must be greater than is involved m removm» 
the first So with phosphorus, the force exerted by the electroneBativo 
chlonnc atom may suffice to drag three electrons from the phosphorusltom 
but oulj^hen the conditions ate favourable is it possible to draa off 

anther two Tto docs not explain the ranty of mtermediate valencies 
between three and five ‘mcuoich 

Proin p^ly oheimcal considerations, too,R Abegg (1902-4) was led to 
assume that every element possesses a maximum ^lenoy of 8 made ^ 
^ negative components aecordmg as the element is actma 

Lli * electronegative constituent of a compound. The 

two valencies of opposite polanty ate called nonnal valencieiand contra 
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valencies The normal valencies are supposed to bo the strongcff and 
correspond ivith the usually accepted maximum valencies o{ the elements 
In the cose of the metals the normal valencies ore positn e and the contra 
valencies negative , while m the case of the non-metals, the normal 
valencies ate negative, and the contra valencies positive Tims 


Normal valencies 
Contra v alencics 


Na Mr A1 Bi P S CI 

•J-l -fS -f4 -3 -2 -1 

_7 _o _5 +6 -1-0 -1-7 


Thus, ohionne is uniialent in HCl ahero it is combined with clcctropositnc 
bjdrogcn, but it has its raavimum hcptavnlcnci uhen imilcd vnth 
electronegative oxygen in chlorine licptoxide A Wonier has also shovvxi 
how elements have a different valency according ns Ihcj are united uith 
electropositive or electronegative elements Tlio relative strengths of the 
two kinds of vnlcncj dcjicnd upon the nature of the associated atoms 
The nlknb metals are so sfrongh elcotroiiositivc that thej show little if 
any sign of nn electronegative valencj , and fluorine appears to lie too 
strongly electronegative to show a positive valencv, for it forms no com- 
pound with 0x3 gen WHicn the conditions are such that the latent contra 
valencies become operative, complex “molecular” comjxiunds ina}' be 
formed 

Tlio foot that in a given fnmil3 the elements with the greatest atomic 
volume are usually most electropositive and least tlcctronegative, is 
taken to mean that when tno atoms of different bwjs arc in contact, the 
attraction of the smaller atom for the corpuscles in the laiger atom is 
greater than the attraction of the larger atom for the corjnisclcs in the 
smaller, so that the resultant force mil drag corpasclcs from the laigcr to 
the smaller atom Again, since the atomic volume increases mth the 
atomic weight, the electropositive character of the clemcntH in a given 
family mcrensos mth the atomic weight Exam])lcs have been indicated 
in revuemng the different famil\ gtoiqis of elements 

Radioactivity — Accordmg to J J Thomson’s h3rpothcsis, atoms arc 
built of systems of rotating nngs of electrons The configuration of a 
sy-stem of rotatmg nngs of electrons is deiicndcnt not onlv upon the 
number, but also upon the energy of tlie B{)ccd of rotation of the nngs. 
Pour electrons, for instance, ma3 arrange themselves at the comers of a 
square or a tetrahedron If a four square 53 stem of electrons bo rotating 
faster than a certam ontical v aluo, they wall be stable , but if their velocity 
falls below the ontical value, the arrangement will become imstable, and 
the electrons will suddenly arrange themselves m the fonn of a tetm 
hedron Similarty, if a spmnuig top be rotating faster than its cnlical 
value, it mil remam stable in a vertical position, but if the speed of rotation 
falls below this value, the top becomes unstable, and falls down , in doing 
so, it gives up a considerable amount of energy'’ Tlicsc analogies can be 
o'xtended to complex groups of electrons, say a radium atom Owing 
to the radiation of energy, the kmctio energy of the electrons is gradually 
reduced, and the velocity of the spmnmg nngs of electrons must be slow ly 
diminishmg When the velocity approaches the cntical value, the con- 
figuration of the ^stem may bo modified, apd this is accompanied by an 
mcrease m the rate at which kmetic energy is lost by the radiation M'lien 
the velocity reaches the cntical value, the configuration becomes unstable 
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an atomic cataclysm, or an atomic explosion occurs, and a number of 
electrons arc detached from the ongmal assemblage In other words, 
the atom dismtegrates and a part of the atom is shot off to form two or 
more groups of electrons This corresponds with the emission of o-rays, 
and emanation from radium As G H Darwin (1905) expressed it, the 
laws of olectncity m motion proves that a commimity of electrons, as 
pictured by Thomson, must be radiatmg or losmg energy, and therefore 
the time must come when it will be run down as a clock does The aggre- 
gate wiE then spontaneously change mto another system (or element) 
which needs less energy than was required m the former state If the 
atoms of the emanation are built of electrons of the same tjqw as the 
ongmal atom, the process may be repeated with the sub-atoms, and so 
produce a senes of degradation products with a long or a short life This 
diows that w-ith atoms of a special kmd — e g high atomic weights — ^the 
gradual reduction of the kmetic enoi-gy of the electromo motion imght 
produce instabihty witlvm the atom The rate of decrease of the kmetic 
’energy may take thousands of years before it reaches its ontical value, 
or it may take place m a very short time The atoms of the several 
elements thus represent different aggregates of electrons which have proved 
by their stabihty to bo successful m the struggle of the elements for a 
separate existence 

An enthusiastic wnter declares that “ the corpuscular theory of Thomson 
has enabled chemists to explam the penodic law, valency, chemical action, 
etc , m terms of knoivn facts ” We are also told that more is known about 
the atom than about matter en niasse These are surely based on super- 
ficial views which are the result of confusing fact and fancy The electromc 
model atom has but a remote analogy ivith the real atom Analogy may 
be an mvaluable aid to desenptaon, but it cannot prove a smgle fact 
Thomson qmte recognized the madequacy of his model atom, for he 
pomts out that the number of electrons correspondmg with a particular 
property will doubtless be different if the electrons are distnbuted m three- 


dimensional space instead of m conoentnc rmgs But smee Rumlar 
properties are Associated with rmgs as with shells, it is probable that a 
system of concentno shells will present somewhat analogous properties 
A more complex disposition of the eketrons will obtam if the positue 
electrification be not uniformly distributed m the sphere as mdicated 
above Hence, with all its imperfections, Thomson’s hypothesis throws 
a most mterestmg hght on Mendel6eff ’s senes and on the possible nature of 
an atom; though matter still remams an inscrutable and impenetrable 
mystery— but we arc still puzzled, for, as W Oookes (1886) has said “ The 
hst of elements extends before us as stretched the wide Atlantic before 
the gaze of Columbus, mockmg, tauntmg, and murmurmg strange nddles 
which no man has yet been able to solve” Each forward step m our 
knowledge carries us backwards to a vaguer and remoter past 

Perhaps the most mterestmg pomt about the hypothesis is the 
fact that the valency and the properties of the members of Thomson’s 
senes vary penodically with a gradual mcreasp m the number of the 
ronstituont electro^, that with the atomic weights , but an examma- 

LXtV will show that the vanation is not hke 
McndeltelTs senes Tlie fact that the senes with 20 electrons m the outer 
rmg corresponds with seven elements m Mendelteff’s even senes is rather 



870 


MODERN INORCfANIC CHEMl&TRY 


due lo clmnce, because the mimJjor o{ tlemcnts ■willi 10 corp\JBc!eH m the 
outer nng is 1 , ^vith 20 Jii the outer nng, 0 , and 10 ^wt]l 21 iii tlit oim r 
nng 3n S j\rrlw.nius’ uords (1007} “ the iiuiulrfr ol ( lemonls lielouging 
to a Thomson’s senes ujll intrtave nenrl\ proj>orlionnll\ to tin two 
third jKmx'r of tlic ntoinie •ueight of it*> lir^t tlr ment , iJiercfoit the iiutniKT 
of elements m the bc\cnth ‘•encs ought to l»< nljout tlurec tiiutH n>^ gri'at 
ns that m the third ficnts, and about tight times as great as tint m iht 
fcctond senes ” 


^ 14 Electronic Hypotheses of Chcmico] Combination and Valency 

Troth n tlio ctiui(,lit<r of timt — 1 avseis IJitos 

In recent jenrs there Ins h«n a cointnutK grouiiig tei)dene% (o njkply 
the clcttroiuc theoi^ to 1 \pliuit chriuicnl ]ihtuniu(na It n asnumctl that 
electnoity has an ntoinio strnnture (p dOI), and n not eontmuous and 
that j)o<'itne and ntgilivc uiuIh of tlectneitj an* ns^icmltd ns constituent' 
parts of till chemical atom (on“quentl\, the msoclat ion of atoms to 
form molecules in\ol\cs an iinthtipntion of the stnieturo of field 1 of force 
everted on the outer Mtrfucc of the atom 1 he diffi tent hvpothe^es usually 
lake one of tuo fonuH 

1 livery eheiniCid bond between two atoms intoKtM a (run<*Jcr of one 
negntne elect rou from om atom to the other, to that the one atom is 
charged i>ositi\cl> and tin other negiti\cK—iid<- p VIO 

2 If the' electrons luv notinlh displaced I Mark (IPbS) ton«id( r* that 
some phenomenon resnubliiig the wleetnc nbsirjition of light takes plur, 
ami that when tiu < Ictlrons return to iho atom a phenuim non roM tnblmg 
iluori'teent ridntion occurs 

(a) In one form of Marks li.e-pothrais (IW)S) the imils of j'ontnc 
eloctrieitj arc MujiiKised lo lie Hluntcd on the surface of the atoms, not as 
uiuformlj charged remes, hut rntlur concent rated at certain jiomls and 
the ueiurnlwng electrons arc afisigncKl definite 

C V “ «« ‘he surfaces of the atoms The nega 

It/ l*'e electrons hold flic j> 0 “iti\i atoiim caeh to each, 

-ty vh ' y f"* dhislmted dingrammatie dl\ m lig ,t2«, where 

^ "O ^ ^ the dotted lines, rejircsent tiilics or lines of force 
Tic 32C d 'Ihoinson’a hv[)Othc>is (Ifll 1), the 

e lectnc forecs w Inch keep the atoms togctherongi 
natc ill a </i*pfrtrej/iriif of the jiositiee and negntii'c 
elect ncitj m each atom , aiul as a result, each atom acts like an i\nXxK 
doublet and attracts another atom, mueh m the aamc wa\ tliat two 
magnets nUmcl one another 

„„ o ^ Thotiibons thcore starts from the a'csumption that an atom cs 
° ° >«cgati\e elect rolls with a sphere of |)o--ilnc elcttnhcntion 
fi clmrgra niaj or maj not coimtcrtmlanee one another li anng the atom 
mt her electncalh ncutnd or jKilan/cd, that is. charged with a® unilus 3 
Etnr Clwtncitj A pair of hnlanctd cliarges is enllcd an 

i'' huggcslecl the livjKithesis that the 

Snn rtmU 1 , « tllC SaillO AS if euch Atom tSlTlld lltl 

atoms itforoS chariclc nstie of the nloin Mitherlnncl s 

atoms therefore characterize compounds of the liral class, but not the second 
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The field of electric force about the molecules of a compound — 
From the Imown properties of electrified bodies, it is inferred that a field 
of electric force must envelop each atom no matter whether the opposite 
charges whoUy or partially counterbalance one another Even an electnc- 
ally neutral atom will have a field of force which (i) will not be uniformly 
distnbuted about the atom, and which (u) will probably diminish m 
mtensity more rapidly than the mverse square of the distance The field 
of force emanatmg from the charges m the atom will give rise to (a) intrci’ 
molecular attractions whereby the charged atom affects the other atoms 
associated with it m the molecule , but it will also give use to ( 6 ) inter- 
molecular attractions because the field of force of an atom will also attract 
the atoms m other molecules, and so produce phenomena like the surface 
tension of hquids, latent heat of evaporation, cohesion of hqmds and 
sohds, etc Accordmgly, chemical compounds can be divided mto two 
classes 


I Molecules mth uncharged or neutral atoms — The mdividual atoms of 
the molecule are neutral, for the constituent atoms are charged with equal 
amounts of positive and negative electricity, and there is no surplus or 
excess of the one kmd over the other B g Ho, Oj, He, No, Clo, CO, COo, 
eSa, CCI 4 , GcHc NjO, etc 

IL Polarized molecules, or molecule with charged atoms — ^The mdmdual 
atoms withm the molecules carry an excess of positive or negative elec- 
tncity so that the whole molecule is charged, and, accordmgly, exerts 
larger forces upon the atoms of neighbounng molecules than would be the 
case if the atoms were neutral The chemical reactivity, specific mdnotive 
capacity, surface tension, cohesion, tendency to form molecular complexes, 
and other quahties of such compounds are found to be highly developed 
Eg HjO, NHj, HCy, SOj, HO, CHjOH, CoHjOH, CH3CI, etc 

The distnbuUon of the electric charges within the molecule — 
Each element has its own specific attraction for negative charges, thus, 
sodium exerts a less attraction for n^ative charges than chlonne , *other- 
wise expressed, sodium is more electropositive than chlonne With carbon 
monoxide, although the opposite charges on the two atoms neutralize 
one another, yet the oxygen has a greater attraction than carbon for a 
ne^^ive charge Hence, a certam amount of work is available m the 
^iMer of a negative chaige from the atom m which the attraction is weak 
to an atom m which the attraction for the negative charge is stronc 
Accordmgly, when a neutral electropositive atom is muted with an electrS. 
negative atom, the negative charge tnes to pass from the former to the 
latter and electrify it negatively Why does not the tmnsf er always take 

mnS electricity has an atomic stnictuS, and 

must pass m definite mute from one pomf to another, and therefore a 
whole charge must be transferred or none at all He illustrates tlie 
^ dmgr.®, IW 327 atom 0 .nd O earS 

and ne^tive cha^c. The 0 is more electropositive than the C aiSl there 
IS therefore a tendency for a negative charge to pass from the 0 to tlie n 
atom , but this tendency does not suffice to overcome the attmotin r + 1 , 
pomttve obmgo c™ed?y the C atom Ita S m W 

mg up another atom represented by the dotted Ime, Th« 

the passage of the negative charge across to the 0 atom^ ^ 

of a oompoond ma, be mteba^ wheo 
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■when the compound 13 m a hqmd state, or when the atoms are combmed 
to form more complex molecules Tlic term intramolecular ionization, 


CO CO 



Fio 327 — Cnrbon mono-cidei Fia 328 — TJio ohnrpna of a 

CO, with neutral atoms carbonjl, CO, radicle 


by the way, is apphed by J J Thomson to the process bj which the 
atoms of a molecule get charged electncallj 

l.eyden jar analogy — J T Thomson compares the two atoms of, say, carbon 
monoxide with the two coatings of a Levden jar bo that the whole molcculo 
behaves as if it were a Lev don jnr of small capacity It is known that tho smaller 
the capacity of a ]nr, tho preator the amount of cnergi required to transfer, saj, 
q units of cleotrioity into tho jar If tho axnilablo cnergx tie less than this, tho 
transfer of, say, a single ncgatix o charge from a cnrbon to an oxygon atom will not 
occur, and vice versa By increasing tho capacity of tho “ jnr,” a transfer might 
occur which would otherwise bo impossible Hence if another molcculo bo added 
to a certain atomic sxstem its capncitj might bo increased and accordingly 
less work might bo required to transfer a charge from nn eleotropositix e to nn 
electronegative atom 


Platmura totraohlorodiammme, PlCl4(NHa)., is not an olccliolyte, 
because its atoms are electncally neutral Add another molecule of 
ammonia to get PtCl4(NH3)3, and tho resulting compoimd is an eleotrolyto 
with a molecular conductivity of 97 , this number nscs to 228 uith tho 
addition of another molecule of ammonia to form PtCl4(NH3)4 , and up to 
S 53 when two more molecules of ammonia are added to form PtCl4(NH3)5 
Thus, as the moleoulcs of ammonia are mereased, tho charges earned by tho 
atoms mcrease rapidly Carbon monoxide is nculral, but ulien it enters 
as a carbonyl radicle mto oiganio compounds— like acetone (CHsl-CO 
aldehyde, CH3COH , etc —it raises thou: specific inductive cap^ity 
because tho CO radicle becomes chained on entering tho compound Tlie 
proximity of other atoms mcreases the capacity of the ^steni sufficient to 
allow the transfer m question More contact with tho other atoms /pro 
4 motes mtramolecular ionization In some cases, some of the radiolra or 
atoms may cany one or more charges, and other atoms may be electncally 
neutral Tlie hydroxyl radicle, OH, may exist m a molecule m two statw 
aooordmg as the oxygen atom oames one or two negative charges If tho 
oxygen atom camea one charge, the radicle O'-H* will form an elcctnc 
doublet, and if two oharges-as is probably tho case with water— there 
must be a poatave charge on some other radicle not the hydroxyl group, 
if”, two doublets m the molecule J J Thomson suggest 
that the difference m these two states determmes whether the OH radicle 
acte M an Mid or m a base Acidic hj droxj 1 is represented by 0 ~-H+, 
and bane hydroxyl (of water) 0 =-H*, for if the molecule RO--H+ b^ 

T from dis 

Momtem of water the H ion of tho given molecule would^urato with the 

ttie m solution so that 

0 eoule RO H would have acidic properties , on tho other hand, 
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*i the molecule R+— tlie 0“— H+ of the molecule would unite with 
the from the dissociation of the water and leave an excess of 0~— H'*' 
ions in the water, and the molecule would have basic properties The 
more electropositive the element R m the ROH molecule, the more hkely 
IS a corpuscle to be transferred from the R to the 0 atom, and accordingly 
the more likely is the oxygen to acquire a second charge and show basic 
properties 

Valency electrons or corpuscles — J J Thomson (1914) further 
suggests that each atom may contam negative electrons related to the atom 
m two ways (i) IPtvxd decirma Some of the electrons are firmly fixed 
at the core of the atom , they are not free to adjust themselves so as to cause 
the atom to attract other atoms mto its neighbourhood , and they take no 
part m chemical reactions (ii) Mobile or valency eledrons Some of the 
negative electrons are supposed to be located near the surface of the atom, 
and they are free to move about and set themselves mto position under the 
influence of external electrical fields They are linked with the central 
positive charge of the atom by bnes of force The mobile electrons, which 
J Stark (1908) called Valenzdedronen, enable the atoms to hold on to one 
another and form a bond between jomed atoms The number of mobile 
corpuscles determmes the valency of the atom so that a univalent atom has 
one, a bivalent atom, two, and a septivalent atom has seven mobile 



Fio 329 —Repulsion Fio 330 —Attraction 


electrons The mobility of the electrons is an essential condition necessaiy 
for one atom to exert any considerable attraction on another For example, 
if an atom with one mobile negative electron— Fig 329— and another atom 
with Its negative electron— Fig 330-were m contact, the two atoms 
Would attract or repel one another as illustrated m the diagrams If 
however, the electrons are free to move, they will be dnven apart until 
the positive charge of the one atom is nearer to the negative charge of 
the other, and the atoms would then attract one another The neimtive 
corpuscle has very little mertia and, if free, can be dnven round It 

Zfw momentary and attraction 

would be the feal result H the corpuscle was fixed, it could not 
roimd vnthout carrying the whole atom, which is a compamtive?^ 
h^vy body difficult to move As a result, when the corpuscles are mobilJ 
^e atoms are kept togethw, but when the electrons are fixed, the atoms 
will have comparatively httle attraction for one another When Se 
negative corpuscles of the atom are so firmly fixed as to be m^Sle S 
exertmg any great attraction on other atoms surroundmg it unleSev am 
m particular positions, the valency of the atom is said to be^LS f S 
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bne of force ■will return to tlio same atom and end on its o-mi positive charge 
as illustrated diagratoimatioally, Fig 331 The negative electron is still 
* free to move fimsequcntly, an electron will not bo 
, N fixed when the atom is by itself, but only when the lino 
f of force from the corpuscle is anchored to nn opposite 

V y charge on another atom B, Fig 133 The electron is 
^ then deprived of its mobility, and is unable to attract 
Fro 331 — Tube another atom 

of Force of n Mo Case I If the Uvo atoms he ckcincalhj neviral, a 

bile Corpuflolo similar tube of force mil pass from each negative 
electron on each atom to the positive charge on the 
other atom, os illustrated diagrainraatically (I'^g 313) Hence, with 
neutral atoms, for each tube of force iihioh leaves nn atom there mil 
be a return tube — as many mil go out ns come in If the atoms are each 
bivalent, two tubes of force mil leas e each atom and tv o return , m gcnoml, 
in compounds with neutral atoms the total number of lines of force 
between the constituent atoms is double the chemical valency This 
menus that J J Thomson vould represent cncli ehcmicnl valency by tu'o 
bonds between the atoms of a molecule vhon the constituent atoms are 
clcctncally neutral. It does not follow that if the atom A sends a tube of 
force to another atom B, it must receive one from the same atom B, for 
the return tube may come from another atom The ncccssaiy condition 
IS that the number of tubes of force which leave an atom must be 
equal to the number which return With this understanding, certain 
combinations can be explained vhicli appear to be anomalous in the light 
of the old valency hypothesis If Indrogcn be unimlent, a combination 
hke Hj was considered impossible on the older hypothesis But the 
hydrogen molecule has neutral atoms, with two tubes of force issumc from 
each The molecule Hj, that is — 

H 

hAh 


IS thus quite compatible with the hypothesis, so also is a molecule H„ 
Again, with monatomic silver Ag(.3, AgCh, AgCl,, and AgCl, arc all 
jrossible TOlenoy compounds in this extension of the older valency hy po 
thesis. The trouble with the hypothesis is that it apparently explains loo 


Case II 
electron will 


If the 1m atoms be charged etectricaVij — M e haae seen that an 
be ftxcti when its tube of force passes out of its atom and cuds 
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«'tom, Fig 333 H one of the negative electrons (Fig 332) 

^ T 1 electron avould follow its 

m of fo«o voiild shrink up 

in the atom B, and only one tube of force would connect the two atonic 
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When a number of electrons are transferred from one atom to another, the 
number of tubes of force between the two atoms will be hahed, because 
after the transfer no tube of force will leave the electropositive atom, and 
none wiU, enter the electronegative atom The one atom, B, would thus be 
positively charged and the other. A, negatively charged Hence, in com- 
pounds with charged atoms, the number of tubes of force between 
the constituent atoms will be equal to the chemical valency The 
tuhe of force is then equivalent to the bond or bar of the regular structural 
formula (p 69) employed by chemists, and the valency bond is only 
apphcable when the constituent atoms are charged electncaUy If the 
constituent atoms are electncaUy neutral each valency bond must be 
doubled if it is to represent a tube of force The ohenust’s hyphen or 
bond IS thus related with the physicist’s tube of force 

Unsaturated compounds — It foUows from the precedmg discussion 
that when each of the mobile electrons m an atom is anchored by 
a tube of force to a neighbourmg atom, the average attraction of 
that atom for other atoms is reduced to a minimum J J Thomson 
further shows that if the molecule of a compound is to exist m a stable 
form, (i) The molecules must not exert a sufficiently large attraction on 
the neighbourmg atoms to cause them to umte and form other molecular 
systems Tins wiU he the case when the work required to separate the two 
molecules imder consideration is smaU compared with the average kmetic 
energy of the molecule at the temperatme T (u) The attractions between 
the atoms of the molecules must be great enough to prevent a separation, 
when the molecule collides with other molecules This mil obtam if the 
work required to separate the atoms is large compared with the averago 
kmetic energy of the molecule at the temperature T These conditions 
are greatly influenced by temperature Thus, with lodme vajxiur, the 
monatomio molecule may exist m a stable form at a hi gh temperature, and 
pass mto more complex diatomic molecules at lower temperatures 

If carbon monoxide is a stable compound when electronegative carbon 
is umted mth the more electronegative element oxygen, why does not 
CCI 2 also form a stable compound ? Thomson answers this question as 
follows As already mdicated, an atom, even when, saturated, must produce 
an electnc field m its neighbourhood This field must restnot the freedom 
of motion of molecules of the corpuscles m neighbourmg atoms IE the 
eketne field due to the oxygen atom m carbon monoxide be veiy strona 
then, even though but two of the four mobile corpuscles of the carbon 
atom are bound to the oxygen by tubes of force, the other two will be 
expo^ to so strong an electnc field that their mobdity is reduced As a 
result, the attraction of the carbon atom on other atoms is reduced The 
amount of ^idual attrachon, so to speak, depends upon the strength of the 
electnc field m the carbon atom produced by the oxveen atom Tf 
electnc field with the CClo system bo smaller than that produced in the 

f f ^ behave more hke a saturated mole- 

cule than the fomer, and the carbon monoxide molecule, m coneeouence 

might exist m a free state when the CCl, could not ^ ' 

It might be argued that m a compound like ethane, CaH,, with eJeotro- 
poBitive hydro^n atoms and electronegative carbon atoms, tbXo oSbon 
^ electrical state, because the tubes of force from three 

hjdrogen atoms end on each carbon atom, and a tube of force froni one 
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carbon atom must end on the other, accordingly, the potentials o£ the 
clinrgcs on the U\o carbon atoms must be diiTorcnt Tins is illustrated 
diagraminatically m Fig 134. Similar remarks apply to acetylene and 
probably' also to ethylene linkages No phenomenon has yet been noticed 
irhicli uould justify this conclusion m the cose of 
ethane, but m the case of doubly and tnply linked 
conibmations, seroral properties — molecular volumes, 
indices of rrfraction, etc — are markedly different 
from uhat they are ivith the carbon atoms all smgly 
linlvcd together 

This discussion has not proved these specula- 
tions, it only makes them appear plausible The 
work outlined m this chapter illustrates the in- 
mluablo aid which chemistry and meta-chemistry 
arc rccoi\*mg from the disciplmed imagmation indicated m our preface 
Naturally many have fallen before the temptation to confuse imagmaty 
phenomena mth demonstrated fact Premature generalizations arc nfe, 
since, as a rule, the less the number of facts, the easier it is to generalize 
— and the more hkcly are those generalizations to be wrong 

The honesty of science — ^Hcte, then, wo aro confronted wnth plian- 
lasiiiro which would be banished at once if wo wore convmced that they 
were btcnle conjectures and not pregnant hypotheses The speculations 
probably make the best guess yet made about the ultimate constitution 
of matter The relations between hypotheses and fact, though doubtful, 
are not altogether contradictory Consequently, the drfcctive hypotheses 
will bo persistently attacked by hostile forces imtil they are either aban- 
doned in favour of more successful nials, or developed and strengthened 
into a more consistent and lastmg form 

This fetrugglo for oxistcnoo is the hfo and strength of soientific hypo 
theses hoionco may apjxar to lose influence when the fallacy of a pre- 
vailmg hyTiothesis is demonstrated , but it holds a treasured reputation 
for honesty of purjiosc by frankly acknowrlcdgmg and rCgistermg its 
mistakes In the words of A Sidgwuck, free from the fear of being found 
an impostor, science is able to challenge — and to court — correction “ As 
for the truth, it endureth, and is always strong , it liveth and conquereth 
for oycrniorc Truth is the strength, the kmgdom, the power, and the 
majesty of all ages ” — I Esdras iv 
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There ate not far from 200,000 different oomponnds kno\m to chenusts, 
and hundreds of new compounds are discovert every year The specific 
properties of all these substances are desenbed m diotionanes of chemistry, 
and m memoirs of the various scientific societies The student of chemistry 
IB not espeoted to be acquainted with more than a small fraction of these 
compounds. If a chemist discovers what ho beheves to bo a new com- 
pound, it IS possible to find if it has been previously prepared by consultmg 
the hterature 3 ust mentioned. 

Herbert Spencer has properly said that m so far as the production of 
new compounds is earned on merely for the sake of obtaining now com- 
pounds', chemistry is not a science, but an art The best chemist is not 
necessarily ho who is famihar with the greatest number of compounds 
CJhemistiy is sometlung more than a compilation of empmeal facts 
Dictionanes of chemistry, not the memory, are the natural storehouses 
of isolated facts The intellect is perfected not by knowledge but by 
exercise The time needed for memonzang a vast medley of facts can bo 
far more profitably spent m training the bram to think clearly and 
logically, and the han(& to do their •work skilfully and accurately. A 
student trusts his teacher to equip him with these essentials , and the 
consGientioim teacher has therefore grave responsibihties. At the same 
time, the work of the teacher may be reinforced or hampered by an 
examination ^llabus ishich the student expects to traverse 

The experience of thousands of teachers crystallized in hundreds of 
tejet-books, syllabuses of oxaminationB, etc , is supposed to have taught 
teachers what facts and principles the student of general chemistry should 
know But the teacher has failed in his work if he has not -whet the 
student’s appetite for more The subsequent progress of the student in 
general chemistry is, however, largely detormmed by his mtended pro- 
fession, and I question if hereafter he can do better than follow the adneo 
of “ Sherlock Hobnes ” 


I conmdor that a mans brain ongmaDy is hke a httle empty attic, and vou 
ha\o to Bto^ It vnth such furmtuie as 30U choose A fool takra in all the lurn^r 
of every sort that ho comes across, so that the knowledge which might be Refill 

7°' imnbled up with a lot of otLr things so 

that ho has a difiacultj m laymg lus hands upon it Now the skilful workm^ 

\ ery careful mdeed as to what ho takes into his brain attic He -will have nothing 
but the tools which may help him m doing bis work hut of iT„o ® 

assortment, and aU m the mUt perfect ^or^ H L a ^ fh® w, ^ 

useless facts elbowmg out the useful ones ^ wiereiore, not to lia\a 

2f 
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1 Wliat 18 meant by (a) chemical action, and (6) physical change ? la chemical 
action always accompanied by physical change t In the following hst of changes, 
winch are chemical I and which of a physical nature f — Souring of milk , digestion 
of food , hquefaction of air , freezmg and evaporation of water , grinding of 
grain , fadmg of coloured fabrics , withering of leaves , weathering of rocks , 
meltmg of sil\er , solution of sugar in water t — Prtncelovm Univ {USA) 

2 Discuss the followmg quotation “ Tlie volume of a molecule of a compound 
body m the gaseous state is exactly double the atom of hydrogen ” 

3 What were the principal difficulties in the way of the general acceptance of 
the atomic theory ns enunciated by Dalton t Show how these difficulties wore 
overcome — Sydney Vnw 

4. Suppose the mmesal chromite on analysis furnished the equivalent of 60 
per cent Cr.Oj, on the assumption that the atomio weight of chronuum is 62 1 
(0=10) AVhnt difference m the value of a ton of oliromite will be reported bv 
two chemists if one works on the assumption that chromium has an atomic weight 
of 61 6 and the other 53 6 1 Gi\ en a 60 per cent ore is worth £3 6s Od per ton 

6 In reply to the question ‘ State the laws of constant composition , gi\o 
an example,” a candidote up for examination answered “ Chemical combina- 
tion ahvays takes place between different masses of matter, e g two of hydrogen 
to one of oxygen ” Is this answer worth any marks t Why ? 

6 Criticise the following extract from the paper of a candidate for exami 
nation “ (lases umto chemically by measure as well ns by weight , sohds and 
liqmds umte only by weight ” 

7 Suppose it be argued tiiat m the eimerunent depicted in Fig 12, tlie moisture 
might come (a) from the air, or (b) from the imperfect drviug of the hydrogen gas, 
how would j ou proceed to modify the experiment to teat if tliese objections stultify 
the inference drawn 1 

8 Explam the followmg quotation * A fact which will not fit mto reasoned 
and formulanzed schemes stands outside scientific knowledge imtil the right 
formula is found ” — J J Murphy (1868) 

0 IVhat did T Bergmann mean when, he said that “ the quahtics of bodies 
can never be known by reasoning a prion " t 

10 The writer of a pamplilet pubhshed in 1847 argued that water must bo 
a simple element because “wo have tlie great authority of Aristotle, who states 
WTitor IS one of the four elements ” , and ‘‘chemists are at variance as to the com 
position of water, for according to Dovy water consists of hydrogen and oxygon 
m the proportion of two parts of the former to ono of the latter , whilst Dumas, 
the celebrated French chemist says that ono part of hydrogen and eight parts of 
oxygon form one of water ” IWiat is your opinion about these quotations t 

11 In reply to a question asking for the moonmg, in words, of the equation 
HjS04-J-Zn=ZnS(^-(-H2, a candidate sold “ Two ports of hydrogen (H») in 
smphuno acid (H.SO^) are replaced by one part of zme (Zn) and zme smpliate 
(ZnSOJ, witli hydrogen gas (H,) is produced” Criticise this answer, and state 
how y ou think it ought to have bron expressed 

12 The vapour densities of tliree substances referred to hydrogen taken as 
unity Mere 45, 70, and 26 respootnoly, and the jiercentages by weight of a certain 
clement contamed in oach were, 22 22, 42 80, and 40 0 resjioetivoly Mliat is the 

'alue of the atonne weight of the element 1— -Cambridge Senr Locals 
!&nt The molecular weight of tlio first element is 90, and it therefore contoins 
-0 I^rts by u eight of the given clement, while the second contains 00, and the 
tlurd 20 parts by weight of the same element Hence, if A be the atomio 
weight of the gi\en element, «A=20, vA=00, wA=20 Hence A is probably 20 

13 \ nlenoy is the gaseous combming ratio of hydrogen or of other elements 

to the unit volume of hydrogen, but extended by mdiroct calculations to those 
elements n hose gaseous volume cannot bo directly measured The atomio weight 
? ^ unit volume of the elements m the gaseous condition, compared 

to that of hy^gen os umty J- T Sprague (1892) Explam this quotation 
more fully with examples > r i 
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14 It IS said that “ if a porous vessel containing a mixture of hydrogen and 
oxygen in any proportion be surrounded by a \ aouum, the moss of oxygen tyhich 
escapes in a short time is four times that of hydrogen " Expose the fallacy of 
this statement Hint The effect of partial pressure, ivhich \ ones accordmg to 
the relati\ e proportion of the gases present, is ignored 

15 In 1703, 6 Amontons published a paper on “ The expansive force of air 
as a measure of temperature,” and showed that the mcrease of pressure is propor- 
tional to the nse of temperature, and also to the mcrease of density (a) Is the 
latter statement correct ? (6) If air has a density of 0 00120 (gram per cc) 
at n.t p , what must bo the pressure in order that the density may be three times 
as great? Hmt (a) Since volume u vanes mversely as density Z> (p 10), 
Clapeyron’s equation (p 85) can be wntten p=RTD, etc Hence the pressure of 
a gas 13 proportional to the temperature and density (6) 3 atm 

16 A flask fitted with a porous plug contains equal masses of hydrogen and 
carbon dioxide, and is expose to the open air until half the hydrogen has passed 
out Neglectmg the changes of diffusion rates due to the varymg partial pressure 
of the gases and also the back action of the air and escaped gases, find the propor- 
tion of the two gases remaining m the flask — R H Jude and H Gossin, Pkimcs 
London, 1899 

17 A sealed bottle can stand an mtemol pressure of four atmospheres and it is 
filled with a gas at 15“ and 760 mm Above what temperature would the bottle 
be liable to burst * 


18 How much zme and sulphuric acid will be required to fill a cyhndrical eas 
holder 2 metres high and 40 ems diameter wiHi hjorogen gas at n p t » Hint 
The cubic capacity of the gas holder is bt%, or 251 2 htres (i e cubic decimetres) 
Hence nearly 1100 grams of sulphuno acid and 730 grams of zmo are needed 

19 It is sometimes stated that Avogadro’s rule for gases is true for hydrogen 

and oxygen at ordinary pressures, and hence these gases unite in the proportions 
2 1 The researches of Amagat and others on the effects of change of tempera 

ture imd pressure on the volume of o gas show that hydrogen and o^gen not only 
deviate from the two gas lavra, but them deviations ate m opposite directions 
^nce, adefa A Scott (1887), ‘it can only bo by the merest chance that at our 
ordmary temnemtures and pressures the combmmg volumes of hydrogen 
ox> gen should be exactly 2 1” Discuss this question ^ gen and 

pre^uJV*^ possible to raise tho temperature of a saturated vapour at a constant 

21 “ ^le properties of a compound,” said a writer m 1887, “ are the mm nf 
those of their components This mdeed is a necessity for the atomic ^mr^/ 
w^ch supiwses that bodies mart in terms of units whose mtegnty remaL Si 
Jate tliroughout all changes." Discuss this statement ^ remains mvio- 

Tf ^ Dracnbe and ex^nm Soret’s e^nments on the molecnlar weight of ozone 
If, m Soret’s apriaratus 100 c c of HCI ma had been ® ™ ozone. 

18 c c hod difffl m half an hour, what 

a meanmg of the followmg translation from C L and 

^ BerthoUet s Elstnena do Tart de la teinturc Panu 1 stn± «■ w t. 

Mtisfied of the existence of oxygen m eSorine i 

light of the sun a phial fiUed with a solnt™^f ewl' ^ to expose to tho 

am soon ev oh ed. and thoSlmg ^ ^ m ^ 

gas has aU the properties of o^g^ ^^n suitable receiver t1^ 

liquid has lost its ^motive Dro~rtiJ and cease to develop, the 

ordinarj muriatic acid and ox^m” ' ^ water impregnated with 

tlM substance propria ^ 

advanced to explam +h© farts MbracAd m compounds ? MTiat is the theory 
the fact that some acids are rtron^ tWotC^^ ^ explam 

the S^e^en^oned theory explaw facts which 

products are formed ?rtten*waTer potassium carbonate WTiat 

tivelj act on potassium “ GiS’.^ o?tC* resri^^: 

tliero products — London Utuv chemical cliaractera of each of 

class of metals — potassium and sodium m the same 
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27 A set of silver refining vnia have onerw equivalent to one horse jwwer 
applied to them nt on averogo pressure of 3 7 v^ts per vot How mueh^iw wUV 
b^deposited per hour T Guen 748 watts 

Hints Since watt8=amporesx volts, the current is 200 amMrcs f put (p oOJ) a 
current which will deposrt 0 001118 gram of silver per soTOnd is colled m ampere, 
hence 200 amperes will deposit 0 001 1 1 8 X 200 X 00 X 

28 P A <^ye and G Ter Gazanan discovered in 1000 that the most carefully 

recrystaUized potassium oUorato contains at least 0 022 per cent of potaMium 
cWOTdc TalSg account of tins correction, recalculate the atomic weight of 
S the®followmg data of Stas -Percental ° 

chlorate=39— 164 , ratio of silver to potossium olilorido— 100 00 1143(0— 10) 

^ and eiplnin the changes winch take place when mtrogm totrimde, 
enclosed m o sealed tube, is hooted up Do you know any other gn^ whichund^o 
similar changes when hooted 1 In what wn> would jou wy that olootrolytw, 
when dissolved in water, c-diibit on analogous behaviour to mtrogon totrovdo 
when heated Staffs County School „ t 

30 Describe the changes that take place when the following arc heated An 
aqueous solution of sulphurous acid , on aqueous solution of acid calcium car 
bonate , an aqueous solution of 40 per cent nitno acid , an aqueous 'Bolution of 
80 per cent, nitno acid , solid ammonium nitrate > ammonium nitrite , sulphur — . 

Cape Unw . . ^ ^ . 

31 (a) ^^^lnt arc the general methods for hastemng the rate of a reaction T 
(6) The equation Nj 04 = 2 N 0 „ represents a system of two gaseous substances m 
equilibrium What would bo'the effect of increasing tho pressure on tho sj’stem 
vnthout changing the temperature 1 — Dept of Edue , Ontario 

32 What IS tho action of ozone upon potassium iodide, and how would its 
effect be distinguished from what is produced by nitrogen peroxide upon tho 
same salt t Osculate tho weight of potassium lodido which is oquiv alcnt to one 
gram molecule of ozone (K= 30 1,1=1288 0=10) — Science and Art Dept 

33 Write a general occount of tho displacement of hsdrogen by metals from 
water, from acids, and from alkahcs stating which metals act m tlus wa> and which 
do not Wiat other kinds of action mny occur t — Ouens College. 

34. Give m detail practical methods by winch firo of Uio fpllowmg bodies may 
be pwimred m o crystallmo state hjdroxylammo, phosphorus oxide, sodium 
azoimido, nitrosulplionic acid — Otcena College 

36 When electric sparlrs are jiasscd through ammonia gas it is nearly all 
decomposed , when tlirough a mixture of nitrogen and hydrogen a trace of 
ammoma is formed How con either of these reactions bo made practicallv 
complete 7 Explain the reasons for your answer Do you know of ony other 
instances of tho game sort of phenomenon T — Bombay Univ 

38 According to Curtius and Schulz, hydrazine contains 87 4 per cent of 
nitrogen and 12 8 per cent of hydrogen, and it forms two chlorides , tho one 
contains 26 08 per cent of mtrogen, 8 01 of hydrogen, and 87 41 of clilormo , and 
the other contains 40 05 jxv cent of nitrogen, 7 71 of hvdrogcn, and 61 80 of 
chlorine What is tho moleculor formula of hydra^no 7 J Biohnnger, Ettiftih- 
rung tn dxe SlGcJitomelne, Braunschweig, 1000 Bint Take Ni=14, 01=35 6, and 
H=1 The formula for hydrazine, by caloulntion, is H.uHn , the simplest 
empincal formula of the first chloride is NH,C1, and of tho second N^HsCl These 
numbers show that tho first clilorido can bo regarded os a compound of NHj with 
lEfCl, and the second chloride a compound of 2NH. with HCl , or tho first might 
be a comxioand of Hj,Hj with 2HC1, and tlio second a compound of NjH^ with HCl, 
etc The second suggestion is more probable than tho first, because hydrogen 
chloride usually behaves tn these double compounds as if it were a monad radicte— 
witness NHj HCl Hence tho formula! of the tlirce compounds m question ore 
respectively written NjHj, NjH. OHCI, K.H.HCl Now show that tlus con 
dusion is confirmed by tlio vapour density of liyamzmo 1 1 (nir=l) 

37 By what method is sodium nitrate prepared, and what nro its principal 
uses 7 How would you obtain from sodium nitrote (o) ammoma, (b) mtno oxido, 
(c) hydroxylamine smphato 7 — Institute of Chem 

38 How can the nitndes of htliium and magnesium bo prepared, and what is 
the action of woter on them 7 Given the fact that lithium can bo obtained by 
tho electrolysis of its fused hydroxide, suggest a contmuous process for the con- 
version of atmosphono mtrogen mto ommomum salts — London Vnw 
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39 A -current passes sunultaneously through acidulated •water, a solution oi 
copper sulphate, CUSO4, and molten mlvor chlonde ^Vhat substances axe pro- 
duced in each cell, and how many grams of each m the time that 10 cubic centi- 
metres of hydrogen are liberated from water (Cu=03, Ag=108) 7 — Neto Zealand 
Untv 

40 On the assumption that the equivalent of mercury is 00 26, calculate to 
two places of decimals the equivalents of o-^gen, hydrogen, coj^r, sulphur, and 
chlonne from the followmg data mercuric oside contains 50 per cent of 
mercury , cupnc osade contains 70 9 per ront. of copper , cux>nc chlonde contains 
47 3 per cent of copper , sulphuretted hydrogen contains 04 07 per cent of 
sulphur , hydrogen cldonde contains 07 23 per cent of chlonne — London Untv 

41 ibiBcuss the action of pure mine acid and of ordmary mtnc acid on the 
metals copper and sane, and indicate the compounds which are formed respectively 
•under different conditions — Board of Edtic. 

42 Compare and controst the physical and chemical properties of magnesium 
•with those of calcium ond zme To which of these two metals do you consider 
magnesium -to be more closely related 1 Give reasons for your answer Given 
a solution contaimng these three metals, how would you prepare hxim it pure 
specimens of the ovides of each ? — Oxford Untv 

43 Calculate the weight of o-^^n available for o-<adation m 10 grams of 

potassium of permanganate m smphuno acid solution — Sheffield Sctenftffa 
School, Z7 iS 4 •* 

44 Hon can crystallized potassium permanganate be obtained from black 
oxide of manganese ? Explain the reactions which ensue when an acidifi^ solu- 
tion of potassium permanganate interacts •with [a) sulphurous acid, (b) oxalic acid, 
(c) hydroMn peroxide — Sheffield Untv 

46 W^at weight of manganese dioxide must be decomposed by hydrogen 
chlonde m order to obtain enough chlonne to combine completely with the 
hydrogen evol\ ed by dissoh ing 10 grama of magnesium in dilute acid ? (Me=s24 
Mn=66, Cl=35 6,H=1 ) — Unro Manchester ’ 

4C Represent bj equations the action of strong sulphunc acid on each of the 
ftllowmg substances (o) nitre, (6) manganese dioxide, (c) formic acid, (d) copnei: 
(ej charcoal 


47 The properties of an element depend m a great measure on the different 

actne valencies of the element lUustrate this prmciplo by reference to 
niBngancse * * ar 

48 Droon^ the difficulties to bo overcome m determining whether N,0. is 
formed wh^ hO and NOj are mixed at ordinary temperatures What conclu- 
o/EdM ° drawn from the results of experiments on this problem 7— Board 


60 State Dnlong and Petit’s low and explam its value in the determination of 
specific heats of two metals M and K be 0 26 and 0 214 
" '-P«<=t-ely, what will be the formula of'S^ 

of “ pure air ” by weight and by volume Give proofs 
StroM^lf at mixture It is intended to prepare 112 h^ of 


of >«» -n-™ -iio-* amt 

the TOtw ot combotUon et^med ^ and 

’“t^gen.eachmasteteofpunty— jCondbnUiS * (*0 

of ox.de, Khe“hlonrroSmS°n*2®^nt ® ^^t ^ 
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66 Esplam the terms " atomic heat ” and " molecular heat ” Tlie ^oific 
heat of lead sulphate, FbSO|, is 0 0827 , that of lead 0 0300 , and of sulphur 0 163 
Assummg the atomic weights of lead and sulphur to be 207 1 and 32 07 respec 
tively, calculato the specinc heat of sohd oxygen One a short aocoimt of the 
attempts which have neon made to find a common ^alae of the atomic heat for 
all elements in the sohd state —Board of Edue. 

66 The equivalent of carbon in methane is 3, in ethylene 6, m acetylene 12 
On what considerations w the atomic weight of carbon fixed as 12 1—El Aiidreuia 
Vniv 

67 How would you distinguish between (o) a soluble iodide and a soluble 
bromide , (b) grnplute end iodine , (c) nitrous oxide and osygen , (d) a ferrous and 
a feme salt 1 Give equations — Si Andrews Vniv 

68 Describe the methods adopted and the results obtained in the study of the 
limited oxidation of methane and its homologues — Board of Edue 

69 Sketch the history of the recognition of the property of “ radioactivity,” 
and give an account of the isolation of radium suits Describe exactly with 
diagrams how you would investigate the nature of the radiation from a given 
mmoral — Board of Edue 

60 Giv e a short account of the metallic amimnes AVhat is known regardmg 
their constitution ? — SI Andrews Vniv 


61 Write a bnef essay on valency, taking into account the existence of “ mole 
cular ” compounds — London Vntv 

62 Qivo an account of the princijial ammomacal bases or ammines contaimng 
cobalt or platinum, and explam Werner’s theory of their constitution — Board o? 
Eduealton 

63 Flatmum chloride was added to a solution of ammomum chloride, ond the 

resultmg precipitate, oftor ignition, left 1 7 grams of platmum mat weight of 
ammonium chlondo was present m the solution? (Pta=106. 11=14. H — 1 
01=36 6 ) — Board of Edue ’ 

64 Give the formulm of the following substances, state whether each is soluble 
or uisoluble in water, and suggest poirs of solutions which would give the insoluble 
substances as precipitates (a) calcium chloride , (b) barium carbonate , (c) 
alummmm hydroxide, (d) phosphorus chloride, (c) phosphoric chloride , ^ 
copper ^phido , {g) ammonium sulphate , fh) strontium mtrate — Vnw Toronto 

66 Describe two oxperunontol proofs of each of the following statements 
(o) the owgen, mtrogen, and carbon dioxide in the atmosphere ore not cliemioally 

exactly how you would separately prepare from phosphorus speoi- 
mi orthophosphonc ooid, and hyjiophosphorous^^d 

these noids be recognized qualitatively ? mat snuotural formula 
would you asonbe to orthophosphonc aoid, and for what reasons ?— 


formulo of phosphorous noid bo correctly represented bv 
^ oeid to decompose on beating ? 

fi i nlion.llmfw' “t^ato solution IS acted upon by 
(I) areoniuretted hydrogen, (ii ) antimonmretted hydrogen, and (ml chTonne^ 

™ •"Iptate »«i 

I»«S **» pl»» » a» tollcwins mm. 
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into a solution of lodino , (d) sulphurons acid gas is pass^ into a solution of 
bvdroffen lodate , (c) potassiizm permanganate solutjoii is added w a solution oi 
hj drogen peroxide in dilute sulphuric acid , (J) phosphorus is boiled vrith baryta 

water — Owens Coll , j 

73 On what expenmental evidence is it believed that acids, bases, ana salts 
are more or less ionized in aq^ueous solution T Evplain from tins point view 

(a) the alkalmity of a sodium carbonate solution , (6) the acidity of a feme chlondo 
solution , (c) the action of animomum chloride in preventmg the precipitation of 
magnesium salts by ammonia T — iladras Untv 

74 Coed gas of the composition giv en below is burnt in air — 

H. CH. C.H, C,Hc GgHe CU CO. CS. Nj 

48 0, 26 0, 2‘0,‘ S'O, 10, 16 0, 2 0, 0 1, 2 7 per cent 

Name the products, and give the quantities of each produced per litre at KT T P 
of gas burnt, statmg jour results m c c measured at 100° and 760 mm — Institute 
of Ghent 

76 Describe em electrolvtic method for prepormg sodium Show how the 
modem appUcations of electrolysis have (a) aided in tlie production of cyanides, 

(b) reduced the profits of the Lcblapc soda process, (c) aided m the production of 
bleachmg hqmds — Cape Untv 

76 In 1813 Davy wrote ‘ I have given an account of an eicpenment on the 
combustion of potassium m sdicated fluoric acid gas” (S1P4), “ m which the gas 
was absorbed, and a fawn coloured substance formed, which efiiervesced with woter, 
and left, after its action on that fluid, a residuum which burnt when heated with 
ojgrgen, reproducing sihcated fluoric acid gas , and I concluded from the pheno 
mena that the acid gas was decomposed m the process, that oicygen was probably 
separated from it by potassium, and that the combustible substance was a compoimd 
of the sihceous and fluoric bases ” Elucidate, as for as you can, what happened 
m the esqienment described, and comment upon Davy's explanation of it, and on 
the tennmology he uses —Ouiena Coll 

77 Pieces of bnght metalho lead are placed (a) m distilled water , (b) dilute 
hydrochloric acid , (c) dilute sulphuric acid , (d) water saturated with carbon 
dioxide , (c) a chalk water of about 15° hardness , give an account of the changes 
which you would expect to observe or be able to trace — InsMute 0 } Client 

78 Each of the followmg substances is heated m a stream of hydrogen PbO, 
SnO., FcjOj, TiOj, Cr.Oj, SlugO^, Al^Os, P.Oi, B^O^, ZnO, BaO btate what 
occi^ m each cose, giv mg equations — Institute of Ghent 

79 IVhat is the effect of heat on the followmg sabstaaees arsenic acid, 
phosphorus pentacblonde, lead mtrate, aunc chloride, lead dioxide 7 — London 
Untv 

80 AYhat happens when the followmg substances are warmed with concen- 
trated mtnc acid tm, antimony, olummium, aisemous oxide, phosphorus, 
hydrogen chloride, ammoma 7 — Lotvdon Untv 

81 A graduated gas cylinder is supported vertically m a mercury trough so 

that the upper end of the tube is distant a mm from the level of the mercury, 
an«l the level of the mercury inside the cyhnder is distant b mm from the outside 
leveL The tube must bo expressed c mm in order to make the level of the 
mercury inside and outside the same What is the pre^ure of the atmosphere 
outside 7 If the height of the tube from the level of the mercury is 300 mm ^ the 
difference in the levels of the mercurv at the two vessels, 162 Tnnn , and the levels 
of mercury inside and outside are the same when the tube is depressed 187 6 mm 
show that tho height of the barometer is 760 mm Answer b^ — 6)/(c — 3) ’ 

82 Show that a deviation from the low of persistence of weight would bo 
mconsistent with the law of persistence of energy Hint If an atom of weight 
to, when combining with another atom of weight to’ docs not produce a molecule 
of weight to +U’, and the weight of the molecule be greater than that of the two 
constituent atoms, it would sufSce to let the molecule fall some convenient 
distance, and raise this again while the atoms are uncombined to gam a little energy 

83 On heating strongly 0 400 gram of potassimn chlorate, 139 c c of oxvgen 
were obtamed, and the potassium chloride remaining we>ghed 0 247 gram Tlio 
oxygen was measured over water at a temperature of 27°, at which temperature 

voMur prcMiuo of woter is 2 66 cm The barometric height was 71 14 cm. 
Sew data'”™* ‘ oxygen which may be deduced from 

84 Explain the followmg quotation •• When tho term ‘ salt ’ is used m every 
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day liie, it refers naturally to sodium dilorido, but to a chemist a salt may not 
only be a cblonde, but a sul^ude, a sulphate, or one of a number of similar 
compounds ” — \V Segerblom, i'trat Year Chemistry, Exeter, 1909 

86 T Thomson (A {System of Chemistry, London, 1817) said “The atonuo 
theory seems to mo to present an insux>crabTo objection to the opmion advocated 
by BertboUet, that mass produces an effect u;^n chemioal combmations and 
decompositions ’* Show that there is no difficult} in reconciling Bcrtliollet’s 
generalization (p 97) with Dalton’s atomic theory 

86 To what constituents do acids owe their charactcnstic properties 7 Docs 
this substance impart these properties to all its compounds T IVhat is the theory 
advanced to explain the facts embraced m your answer 7 How do wo explain the 
fact that some acids ore stronger thon others 7 Name some other facts whicli the 
above mentioned theory explains — American Coll 

87 State, with explanations, how electrolytes differ from non electrolytes as 
regards the depression of freozmg pomt or the osmotic pressnro exerted b} cqui> 
molecular solutions, and explam how the degree of lonizotion of a salt m solnuon 
might be calculated from a doternunation of osmotic pressure a grams of a non- 
electrolyte are made up to 100 o.c. with water at 16° C The osmotic pressure is 
found to bo 500 mm Express m factors the molecular weight of the substance 
— Cape Vnw 

88 What IS the difference between the chemical cquii ilent ond the electro 

chemical equivalent 7 (a) The chemical cqmvalents of zinc, nlumimum, and 

(ferrous) iron are respectively 32 6 0, and 28 What ore the respective electro- 
cliemical equivalents of the elements 7 Distinguish between “ unit quantity of 
electricity ” and “ imit current of oloctncity ” (6) How many units of current 
will deposit 0 01118 grm of silver per minute 7 ^nttoers (a) The electro 
chemical equi\ alent of zinc is 32 6, aluminium 9, and ferrous iron 28 , the electro 
diemioal equivalents m coulombs are rcspectii oly 0 00034, 0 000095, and 0 00020 
(5) 

89 The durability of galvanized iron is, under ordinaiy circumstonccs, much 

^ Unie plates (iron coated with tin) Lxplam this — 

DO If lydrogon sulphide bo pressed into n mixture of iodine and water, 
milphur IS deposited and hydrogen iodide is formed, the iodine may bo in turn 
displaced from combmation by bromine, ond the bromino by ohlonno What 
weigin of ^ojm h of these elements would be required to displace tho sulphur con- 
tained m 100 grms of hydrogen sulphide 7 iS = 32, 1 = 127, Br = 80. C* = 36 5 ) 
— London Univ » r , , 


91 ^Tiat do you un^rstand by positno ions, pegatiio ions, and complex 
exomples Gi\ o examples of motals (two at least in oooh cose) 
1 ,*°,?“ ”1?'® thon one simple positive ion, (6) which form only one 
oxide or njmroxide, and tius oxide or hydroxide, although usually givmg a 
simple positive ion. BOmnf.m™. ’ " 


m each mso -^Sydncy Vmv ^ 

fisoll P°t“83mm hydrogen arsonomolybdato by C Enedheim 

wm orXtmnnf S ^ onaljzcd for potash gave 01138 

&0 substance gave 0 3418 grm 

KSSiIed Ktg^ 0 0687 grm after ignition Tho MoO, was 

cent^fK these numbers correspond with 12 07 per 

MoO nnH AL -As-Oj , 11 05 per cent H-0 , and 43 27 per cent 

this is commonly classed ns n metn'l Point out how 

of whicli -nroiiM inn^i some compound of Tnnngnneao, tho study 

Give m n^St of nnv other elements certainly iotmetali, 

to you ^ ^ tlicse you can, ond say what comparisons they suggest 

gns at H^ Wol?^ chlondo was exposed to ammonia 

746^ Showth^ tb^^^ifH®"”*^ 236 1 c c. nero absorbed Barometer 

^ Show That the corresponds n ith tho formation of FcCl. ONH, 

phosphor M near]v 7 Vi i 7 B^ formation of pliOTphorua nitndo, P,N., from red 

to nitrogen and phranhnnis j combustion of tho nitride PjNj 

ogen and phosphorus pentoxido is 474 7 cals , and of red phoqihonis 370-8 
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cals ; and further, that the heat of' formation of the nitnde from wlowless 
phosphorus is 81 5 cals , given the heat of combustion of colourless phosphorus 

Rammelsberg (1841) analyzed a crystallme salt obtained by treatmg 
antimony pentasulphido "with concentrated potassium hydroxide, and foimd 
K, 23 40 , Sb, 37 80 , S, 18 19 , O, 7 30 , water, 13 30 , and he considered these 
numbers agreed satisfactorily with the formula K 3 SbS 4 KSbOj 6H«0 Is the 
formula in accord with the obsert ed data T Show that the theory for the formula 
requires K, 23 00, Sb, 37 86, S, 18 89, O, 7 04, H-O, 13 20, a sufficiently close 
approximation , » i 

97 Discuss the subject of the lummosity of flame, and account for the fact 
that compressed hydrogen and oxyen bum with luminosity, alio that when the 
mixed coses are exploded in a con&ied space the flash is lummous WTiat reoentlv 
ascertained fact proves that a hydrocarbon flame contains glowing particles of 
sohd matter ? — Science and Art Dept 

98 Calculate the composition of a gas from the following analytical data — 

Original volume of gas m burette . 100 c c 

Hemamdcr after treatment with caustic potash 94 6 c c 

„ „ „ potassium pyrogallate 04 6co. 

, „ „« cuprous chloride 70 0 c c. 

Half of the residual gas was expelled, leavmg 35 3 o.c 

Air was added, mokmg a volume of 87 3 c o 

After combustion 76 1 c c. 

City and Guilds London Inst 

Hint 100 - 94 6=64 co COj, oxygen ml (p 662) , 94 6 — 70 6 = 24 0 c o CO 
(p 682), 87 3 - 76 1 = 11 2. and (11 2 X §) X 2 = 14 92 oo hydrogen, 100- 
(6 4 + 240 + 14 92) = 65 68 c c of mtrogen 

09 In the determination of the composition of a sample of gas by Hempel’s 
burette, the following results were ohtamed From the data given cmculate the 
percentage of the gas — 

Gas taken 100 o c 

After absorption by caustic potash 93 3 o c 

,t ,> by potassium pyrogallate 98 0 c o 

„ „ fuming B^SOf 63 0oc 

„ „ cuprous chloride 87 8 c c 

20 c c of the gas were then transferred to the burette, and 46 c c of air added 
and the nnxture passed over palladiumized asbestos The volume after com- 
bustion was 60 6 0 o to 60 6 c c of gas , 22 o c of oxygen were added the mixture 
exploded, and the COj absorbed by caustic potash ^e volume after explosion 
was 64 6 c c . and ofter the absorption of CO-, 46 6 c .0 —City and Guilds London Inst 
Answer 1 7 per cent CO., 0 3 oxygen (p 662), 4 1 olefines, etc (n 6961 
0 1, CO (p 682) 20 + 46 = 66 66 - 60 6 =16 5 , 16 6 X ? = W 3 Ic p« 20 cc 
of gas , ^ of 10 3 y 87 8 = 46 21 per cent of hydrogen (p 693) , 64 5 — 46 6=90 
CO of C^eqmValent to 9 0 c 0 CH4per20oo of gas, of 9 X 87 8 = 39 6 nef 
cent of CHi " 


fr, K'-oi One lollowatt hour is equivalent to 

864 Cals (p 6/2) Hence the cost of electricity is to that of oil fuel is to that 
of coal gas as I 172 0 0282 0 026d ™ 

methods by which two of the following bodies 
^^^dnSpho^S?f!ot.S^ ^^oxylamme, phosphorus oxldefsodS^ 
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Acetylene, 606, 701 

properties, 693 

series, 700 

Acotylides, 699 

, copper, 699 

Acid, 138, 139 
— - phosphates, 505 
Acidimetry, 143 
Acidity of bases, 203 
Acids, bmary, 140 

, lomo theory of, 322 

, Lavoisier’s oxjgen theory, 130 

, strength of, lomc theory, 324 

, strong, 314 

, ternary, 140 

, weak, 314 

Actmium, 848 
Active mass, 99 
Additive properties, 19, 122 
Adsorption, 721 

Affinity, chemical, 94, 100, 375, 844 

, residual, 646 
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, analysis of, 561 

, Lavoisier on, 9 
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, pressure of, 76 

, Key on, 67 

, weight of, 74 

Alabaster, 444 
Aldiemy, 836 
Alcogeis, 233 

Alcoliol of crystallization, 444 
AlcosoLs, 255 
Alexandnte, 470 
Alite, 332 
Alkah, 347 

, aaunoma soda process, 671 


Alkah, bicarbonntes, 660 

, carbonates, 660 

, electrolytic processes, 669 

, family relations, 359 

, fixed, 347 

, Leblanc’s black ash process, 669 

, manufacture, 669 

, mmeral, 347 

, Solvav’s process, 671 

, vegetable, 347 

, volatile, 347 

Alkahes, Black’s work on, 349 
Alkalimetry, 143 

Alkalme earths. Black’s work on, 349 

, family relations, 335 

, sulphides, 409 

Allotropism, 649 
Allotropj, 268, 402 

, djmaimc, 404 

, enantiomorphic 404 

, monotropio, 404 

Alpha rays, 839 
Aludel, 341 
Alum, 460 

Boman, 461 

Alumma, 636 
Aluminates, 636 
Alummium, 631 

alloys, 634 

amalgam, 634 

1 bronze, 378 

! -chlondo, 257 

fluonde, 277 

, Hdroult’s process, 632 

hydroxide, 635 

mtnde, 667 

oxide, 636, 636 

sulphate, 460 

sulphide, 412 

Alummodisihcic acid, 776 
Alummobexosihcic acid, 776 
Alummomonosihcic acid, 776 
Alummopentosihcic acid, 776 
AltinuaosiLeates, 776 
Alnnunotetrasihcic acid, 776 
Alummothenrac process, 470 
Alummotnsilicic acid, 776 
Alumstone, 451 
Alnnite, 451 

Amalgamation processes, gold, 385 
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Amalgams, 342 
Ammcs, 645 

Ammmca, nomenclature of, 040 
Ammonia, 626, 633, 600, 711 

, composition of, 643 

-, double compounds, 637 

-, identification, 641 

, monohydrntc, 630 

, properties, 636 

, semibydmte, 630 

, substituted, 646 

Ammonium, 630 

omalgam, 640 

clilonde, 641, 047 

, dissociation 642 

, cbloroplumbate, 262, 042 

ebromato, 400 

cynnatc, 086, 708 

formate, 700 

bydroxido, 630, 630 

molybdate, 472 

mtrate, 641 

nitrite, 641 

salts, 640 

sulphate, 641 

thiocyanate, 768 

trinitndo, 662 

Amorphous sobds, 300 

structure, 177 

Ampere, 300 
Ampbotono oxides, 144 
Analogj, orgument bj, 200, 213 
Analysis, 22 

, electro , 373 

, guniwwdor, 22 

——fixtures, oxjgon and nitrogen. 

Analytical reactions, 702 
Anat^c, 800 
Angicsito, 703 
Anhydride, 444 
Anhydrides, 146 
Anhydrite, 224, 444 
Anhydrous, 444 
Amons, 26 
Anode, 24 

Anorthic system crystals, 176 
Anorthite, 777 
Anthracite, 724 
Antimonatcs, 018 
Antimonious acid, 016 
Antimomtes, 016 
Antimony, 006 

, oUotropism, 000 

, amorphous, 000 

blende, 606 

bloom, 606 

explosive, 000 

hydride, 600 

nitrate, 616 

ochre, 606 

oxychloride, 012 

pentoohlondo, 011 

pentasulphidc, 020 

■ pentoxi*, 617 


Antimony, red 006 

, rhombohcdral, 000 

sulphate, 016 

totroxidc, 617, 018 

— — tnchlondc. Oil 

tnoxido, 614 

trisulphido, 01 0 

, yellow, 000 

Antimonvl, 616 

nitrate, 016 

sulphate, 016 

Antitvpo isomcnsm, 616 
Apatite 677 

, ehlor , 677 

, fluor , 677 

Apolhnnris water, 140 
Aqua forlis, 613 

marmc, 337 

regia, 613 

Aragonite, 320 
Arc electric furnace, 731 
Arconium, 804 
Argentic oxide, 300 
Argcntite, 380 
Argentous liydroxido, 380 

oxide, 388 

Argon, 663 
Argyroditc, 787 
Arsenic, 003 

, a , 004 

, j8 , 004 

, y , 003 

— ^^cid, action hydrogen sulphide, 

, allotropism, 004 

, block, 004 

dihv dndo, 61 1 

, disulphide, 620 

, grev , 003 

by dndc, 600 

oxy clilonde. Oil 

pcntnchlondc. Oil 

pontnfluoride, 611 

pcntosulphido, 020 

pcntiodido. Oil 

pentoMde, 610 

suboxide, 012 

tribroimdo, 611 

tnchlondc. Oil 

tnfluondc, 011 

tniodidc, 611 

trioxidc, 012 

amorphous 012 

, octahedral 012 

, rhombic, 012 

vitreous, 012 

tnsulphidc, 010 

, yellow, 604 

Arscmcnl iron 603 
Arsenides, 004 
Arsemous ncid, 014 
Arsemtes, 014 
Arsonohte, 003 

Arsennretted liv drogon /See Arsine 
Arsine, 600 
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Asbestos, 3^3 
Asphe^t, 711 
A^haltmn, 704 
AstenaiD, 824 
Astrakamte, 225 

Asymmetric system crystals, 175 
Atacamitc, 249 
Atmolysis, 107 
Atmosphere, 74, 559 

, composition of, 569 

, height of, 70 

, imparities m, 500 

Atom, 36, 113, 816, 8B2 

, structure of, 840 

Atomic heat, 569 

number, 832 

theory, 33 

volumes, 360 

, weights, 35, 62, 63 

, by Dulong and Petit’s rule, 

671 

, bv isomorphism, 182 

, by moleotuar heats, 673 

, by periodic law, 812, 813 

from spectral hnes, 819 

, oxygen standard, 64 

Atomicity, 72 

Atoms, dismteOTation of, 834 

, energy of, 123 

, kmetic theory of, 121 

Attraction, molecular, 116, 124 
Augustm’s process, 8il%or, 381 
Aurates, 389 
Aunc acid, 389 

aurato, 389 

chloride, 251 

hydroxide, 380 

nitrate, 339 

oxide, 389 

sulphate, 389 

Aurous ohlonde, 261 

cliloroaurate 389 

hydroxide, 389 

oxide, 388 

Austemte, 494 
Autoxidation, 103 

Aiogadro’s hypothesis, 66, 110, 

210 

Azides, 642 
Azoimidc, 651 
Azote, 10 
Azurite, 377 


B 

Baking soda, 002 
Balanced reactions, 09 
Barium, 334 

bromate, 294 

carbonate, 333 

chlorate, 288 

chloride, 243 

, manufacture, 247 

chromate, 460 


Banum dithionate, 467 

hydroxide, 333 

hypophosphite, 600 

lodate, 295 

nickelafe, 498 

oxide, 333 

permanganate, 480 

peroxide, 333 

sulphate, 447 

, acid, 447 

BarysQite, 776 
Barytes, 333, 334, 447 
Base, 138, 144 

metals, 384 

Bases, lomo theory of, 322 

, strength of lomc theory, 324 

, strong, 314 

, weak, 314 

Basic salts, 146 
Basicity, 72 

of acids, 293 

Bauxite, 631, 635 

, purification of, 033 

Bccquerel’s rays, 820 
Beehive, 43 

coke oven, 726 

Beggiatoa alba, 393 
Bell metal, 378 
Benzene, 699, 700 
Bonzme, 703 
Benzohne, 703 
Beryl, 337 
Bcrylha, 337 
Berylhum, 337 

oxide, 339 

specific heat, 670 

Berzchus’ dualistic theory, 306 
Beta rays, 840 
Bimolecular reactions, 267 
Binary compounds, 140 
Bismitc, 607 
Bismuth, 607 

alloys, 608 

blende, 607 

glance, 607 

hydrates, 616 

nitrate, 616 

ochre, 607 

oxychloride, 612 616 

pentasulphide, 620 

pentoxide, 618, 619 

Buboxidc, 616 

sulphate, 608, 610 

tetroxide, 018 

tribromidc, 612 

trichloride, 612, 616 

trifluonde, 612 

truodide, 612 

tnoxide, 610 

tnsulpbide, 019 

Bismutlute, 607 
Bisulphites, 421 
Bittern, 227 

Bitummous coal, 724, 725 
Bivanant systems, 165 
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Blagdtsn’B law, 101 
Black jack, 330 

lead, 727 

Blast furnace, 487 
Bleaching jrawdor, 287 

, Droinino, 204 

, iodine 204 

Blood ohnroonl, 720 
Blue ]olin, 276 
Blue vitnol, 448 
Bonrt, 718 
Bog iron ore, 484 
Bouer scale, 007 
Boiling, 167 

point, 167 

of eolations, 214 

Bolognian phosphorus, 336, 400 
Bono ash, 676 

black, 720 

Bones, 676 

— degreased, 676 
dcgolatinizcd 676 

Bononinn phosphorus Sec Bologiiitm 
phosphorus 
Bomcic acid, 026 
Boracito, 226, 027 
Borax, 027 
Bone acid, 026 

o\jdo 027 

Bondcs, 020 
Borocalcite 027 
Borofluondes, 031 
Boron, 020 

Odd sulphate, 027 

— lij dridcs, 030 

nitride, 020 

phosphate, 027 

specific heat 670 

sulphide, 020 

tribronudo, 030 

trichloride, 030 

trifiuondo, 030 

triiodidc, 030 

Boronatrocalcitc, 027 
Borosihcatcs, 027 
Bort See Bonrt 
Boyle’s law, 70, 1 14, 208 

, deviations from, 70 

Brass, 378 

Braunite, 477, 481 
Broad, 064 
Bricks, 778 

Brm’s process om gen, 132 
Bntanma metal, 000 
Brodie’s reaction, 727 
Broggerite, 606 
Bromic acid 206 
Bromides, 204, 273 
Bromine, 200 

, atomic weight, 201 

history, 200 

manufacture, 200 

inonocblorido, 280 

occurrence, 200 

properties, 2Ci 


Bromine punfioation, 201 

uses, 201 

Brookitc, 800 
Brown coal, 724 

oil vitnol, 433 

Brownian mo\cmenls, 120 
Bumping, 108 
Bunsen’s burner, 757 
flame, 767 


I 

I CADstnnt, 340 

carbonate, 004 

hydroxide, 343 

monoxide, 343 

peroxide, 343 

Biilpbide, 400 

tluochloride, 110 

Cadinous chloride, 143 

In droxide, 143 

oxide, 343 

Ctrsiuin, 367 

' chloroplntiimtc, 168, 042 

chlorostannnto, 368 

Caking coni 726 
Cnlnmmc 330, OCl 
Culcnroni, 304 
Calcination, 7 
Calcitc, 320 
Calcium, 334 

bicarbonate, 0C3 

boride, 020 

carbide, 721 

carbonate, 320, 001 

action, bent on 330 

, dissociation of, 330 

chloride, 243 

innmifacturc, 247 

chromate, 400 

cjananiide, 608, 704 

fninili relations of, 335 

fomto, 408 

fluoride, 276 

lij droxide, 331 

In poolilorito, 284 

mnnganito, 477 

motnpUimbatc, 700 

metasihente, 776 

mono phosphate, 606 

orthopIiosphntcH, 604 

orthopinmbatc, 707 

oxide, 331 

peroxide, 331 

phosphide, 6b2 

sihoido, 784 

sulphate, 444 

sulphide, 400 

Calcspnr, 320 
Caliche, 604 

Callender’s Inpothcsis osmotic pr03- 
suro, 213 
Caloinol, 248 
Colono, 160, 200 
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Oolonfio powor, 704 
Calx (calces), 7 
Oannel coal, 726 
Canton’s phosphorus, 409 
Capacity laotor energy, 374 
Carat, 720 
Cerbides, 722 
Carbon amorphous, 718 

atom, 694 

bonde, 629 

dioxide, 669, 663 

composition, 668 

, determmation of, 061 

, liquid, 667 

solid, 667 

disulphide, 687 

family elements, 799 

gas, 710 

Hexachlonde, 780 

monosulplude, 688 

monoxide, 681 

, combustion of, 082 

properties, 082 

, testing, 084 

, oxidation of, 712 

properties, amorphous, 720 

aihcide, 783 

specific heat, 670 

suboxides, 684 

, Berthelot’s, 684 

Brodie’s, 684 

, Diels’, 084 

subs^phido, 689 

tetrachloride, 093, 779, 780 

Carbonado, 718 
Carbonates, 060 
Carbonic acid, 060 

anliydnde, 660 

Carbonyl, 685 

cMoride, 086 

hsmoglobm, 083 

sulphide, 686 

Carborundum, 783 
Carburotted water gas, 710 
Camalhte, 224, 228, 338 
Camotite, 474, 022 
Caro’s acid, 463 
Cossel’s yellow, 262 
Cossitorite, 788 

Costner’s process, ohlorme, 230 

, sodium, 361 

Catalysis, 132, 269, 432, 434 
Catalytic agents, 101 
Cathode, 24 

rays, 823 

Cations, 26 

Celcstine, 333, 334, 447 
Cementite, 406 
Cerium, 801 
Cerussito, 604, 793 
Chalcedony, 772 
Chalcocite, 377 
Chaloopynto, 377, 484 
Cholic, 329 

Chalybeate waters, 142 


Chamber crystals, 431 
Charcoal, 719 

animal, 720 

blood, 720 

bone, 720 

kiln, 719 

pit, 719 

retort, 719 

Charles’ law, 83, 116, 200 

, deviations from, 86 

Chemical action, kmetio theory, 267 

, kmds of, 701 

changes, 16 

combmation, 843 

energy. 111 

mtensity, 376 

potential, 376 

Cliemistry, defimtion of, 3 
Chert, 772 
Club saltpetre, 603 
Chma clay, 778 
Chmese red, 411 
Chlorapatite, 677 
Clilorates, 288 
Chlorozide, 662 
Clilonc acid, 288 
Chlorides, 232, 238 

, double, 244 

, heat formation, 243 

m atmospheric air, 600 

Clilormation process, gold, 380 
Chlorme, 233, 234 

, Acker’s process, 237 

action, light on, 230 

, atomic weight, 242 

, Costner’s process, 230 

, Deacon’s process, 236 

, dissociation, 239 

, electrolytic processes, 230 

heptoxide, 293 

hquefaction, 238 

monoxide, 282 

octohydrate, 237 

pentoxide, 288 

peroxide, 289 

preparation, 234 

tnoxide, 291 

uses, 240 

, valency of, 293 

water 237 

, Weldon-P6oluney’s process, 236 

Chlorites, 290 
Cliloroauratea, 261, 380 
Chlorochroimc acid, 467 
Cliloroform, 693, 781 
Cliloroplatmatds, 642, 043 
Clilorostannatcs, 262 
Chlorosulphomo acid, 422 
Clilorous acid, 200 

anliydnde, 282 

Cliromates, 400 
Cliromatium Okeini, 303 
Chrome iron ore, 404 

ironstone, 404 

ochre, 470 
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Chrome steel, 471 
Chromie aoid, 406 

anhydride, 406 

cliloride, 268 

hydresd, 400 

-hydroxide, 409 

Cliroimte, 404, 470 
Chromites, 470 
Cliromium, 470 

ammmes, 062 

cldoridcs, 662 

family elements, 474 

hydroxide, 469 

sesqmoxide, 400 
C- — . tnoxide, 406 
Gliromous acid, 470 
— - chloride, 268 

oxide, 400 

'' Cliromyl chlondo, 400 

Huonde, 407 

Chrysoberyl, 030 
Cinnabar, 341, 304, 411 
Clapoyron’s equation, 86 
Clarke’s process, softening wter, 000 
Claude’s process, oxygen and nitrogen, 
126 

Clans and Clinnce’s process, rcco\eij 
sulphur, 670 
Clays, 031, 777 

formation of, 777 

Clcveite, 606 

Clinorhombio system crystals, 176 
Clinorhomboidal system crystals, 176 
Coal, 723 

, formation, 724 

gas, 708 

Cobalt, 400 

ammmes, 061 

carbonyl, 687 

glance, 409, 003 

, separation of nickel, 061, 662 

tm -white, 003 

Cobaltio hydroxide, 497 

oxide, 407 

Cobaltite, 490, 603 
Cobalto cobaltic o-adc, 408 
Oobaltons acid, 408 

chloride, 260 

hydroxide, 490 

oxide, 496 

Coke, 710, 720 
Coking coal, 726 
Colemanite, 027 
CoUigati-ie properties, 210 
Colloidal precipitates, 387 
Colloids, 264 

irreveraiblo, 387 

reversible, 387 

Combination reactions, 702 
Combmmg weights, 29 
Combustible, 746 
Combustion, 733, 736 

. heat of, 703 

Mayow on, 733 

, preferential, 763 
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Combustion, reciprocal, 746 

, reversed, 746 

, selective, 763 

, slow, 737 

, spontaneous, 730 

supporter, 746 

, temperature of, 700 

, tliooiy of, 763 

Component, 103 
Compound salts, 646 
Compounds, 17 
Concentration, 160 

cells, 367 

Condensation, 701 
products, 464 

Conductinty equivalent, electrical 312 

, electrolytic, 312 

Condy’s fluid, 483 
Constant boiling acids, 231 
Constitution carbon compounds, 700 

matter, 815 

Constitutive properties, 222 
Contact action See Catalysts 
^-ordmntion number, 040 
Copiicr, 377 

blister, 378 

carbonote, 604 

, extraction of, 378 

, family relations of, 390 

glance, 377 

hydride, 420, 000 

nitrate, 618 

o-xido, 380 

peroxido, 300 

phospbtdo, 582 

pyrites, 377, 394 

rcflning, 380 

sthcide, 786 

Buboxido 300 

sulphates basic, 442 

Copperas 448 
Coprohtos, 677 
Conti, 320 
Coroninm, 824 
Corpse hgbt, 744 
Corpuscles, 826 
Corrosiv o sublimate, 248 
Corundum, 031 
Costra, 604 

Couples voltaic, 20, 307 
Covolnmo molecules, 077 
Covrper’s stove, 488 
Cream of tartar, 002 
Cnstobalito, 772 
Cntb, 01 

Critical state gases, 070 

temperature, 070 

Crocoisite, 470 
Crocoite, 470 
Crocosite, 793 
Crookes’ dark space, 823 
Crookesite, 037 
Cryoliydrato, 102 
Cryolite, 278, 031 
Ciyosel, 162 
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CJryptocrystaUine structure, 772 
Crystallme structure, 177 
Crjrstallization, 170 

bactional, 191, 226 

Crjstallographv, 176 
Crystalloids 254 
Crystals, 172 

, action X rays on, 833 

, distorted, 173 

, grovrth of, 177 

, ideal, 173 174 

, internal structure, 176 

, mixed, 180 

• overgrowths 181 

, Retger’s law of, 180 

system classification 195 

Cubic system crystals, 176 
Cupellation, 386 
Cupric chloride 249 

cyanide, 767 

hydroxide, 389 

oxide, 389 

sulphate, 441 

sulphide, 408 

Cuprite, 377 

Cupro manganese, 482 

Cuprous chionde, 249 388 

cyanido, 763, 787 

iodide, 274 

oxide, 388 

sulphate, 388 

sulphide, 408 

sulphite, 388 

thiosulphate, 388 

Cvamehde, 768 

Cyamc acid, 768 

Cy anide process, gold 382 

, Sliver, 382 

Cyamdes, 764, 767 

, complex, 765 

, manufacture of, 764 

Cyanogen, 767 

bromide, 766 

chloride, 766 

bydrazoate, 766 

trimtnde, 766 

Cyanunc acid, 768 
C^clotnborene 630 
C^mogene, 703 


D 

Daxtox’s atomic theory , 36 

law of chemical combmation, 26 

of partial pressures, 81 

, solubility mixed gases, 676 

nanioll’s cell, 363 
Davy’s safety lamp, 743, 744 

theory lummosity, 765 

Decomposition reactions, 702 

voltages, 370 

Degrees of freedom 164 
Dtliquescence, 25, 212, 240 
Deli\ery tube, 42 


I Density current, 374 
i Dephlogisticated air, 1 28 
Depolymenzation, 701 
Deposition pressure, 364 
Derbyshire spar, 276 
Desmotropism, 426 649 
DeviUe’s hot and cold tube, 193 
Dewar’s flasks, 125 
Dialysis, 264 
Dialyzed iron, 255 497 
Dialyzer, 264, 774 
Diamagnetism, 483 
Diamantine 637 

Diamide, 650 " 

Diamond, 728 
Diamond synthesis, 730 
Diaspore, 631, 636 
Dicmoromethane, 693 
Dichromates, 466 
Dichromic acid, 466 
Dicyandiamide, 764 
Didymium, 624, 802, 803 
Diethyl sulphite, symmetrical, 426 

unsymmetrica], 425 

Difiusiou, 104, 206 

Dimercurous ammomum chionde, 248 
Dimetaphosphonc acid, 696 
Dimorpnism 173 
Dispersoids, 254 
Dissociation, 221, 269 
Distillation, 151 

, destructive, V04 

, dry, 704 

, fractional, 168, 194 

water, 161 

Disulpbates, 430 
Disdlphunc acid, 430 
Dithiomc acid, 466 
Doberemer’s tnads, 806 
Dolomite, 338 

Double obhque system crystals, 175 
salts, 646 

Duahstic theory of Berzelius, 306 
Dulong and Petit’s rule, 669, 673 
Dutch hqmd, 606 

metal, 378 

Dyads 68 
Dy^osium, 802 


E 

EABTHEirwAaE, 778 
Eau do Javelles, 283 
Ebulhtion, 167 
Efflorescence, 26, 246 
ESusion gases, 188 
Eka alumxmum, 811 
Eka-boron, 811 
Eka-sihcon, 811 
Eleotno discharges, 822 

furnace, 731 

resistance furnace, 721 

Electricity, quantity of, 365 
Electro affinity, 363 
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Electro analys s, 373 
Electrochemical cgui\alent, 305 

senes, 362 

Electro chemistry, 112 
Electrode 24 
Electrolysis, 24, 302 

, Faraday’s laws, 304 

, fractional, 373 

Electrolyte, 24 
Electrolytic furnaces, 721 
Electromotive force, 375 
Electronegatn e elements, 362, 864 
Electrons, 830 

, negative, 830 

, positn e, 830 

Electroplating, 303 
Elcctropositue elements, 3b2, 864 
Electroscope, 828 
Elements, 12 

bndge, 800 

clos^fication, 800, 812 

definition of, 12, 816, 853 

de\olution of, 851 

, e%olution of, 861 

cytinct, 860 

group, 807 

isotopic, 849 

— - naming, 37 

, occurrence of, 91, Sol 

— theory of four 13 

transitional, 809 

transmutation of, 13, 850 

, typical, 809 

Emeral* 337, 777 
Emery, 631 

Empmcal knowledge, 2, 4 
Enontiomorphic quartz, 772 
Endosmosis, 207 
Energy, 108 

, available, 110 

chemical. 111 

degradation, 112 

dissipation, 112 

, factors of, 374 

free, 110 

intra atomic, 838 

kmctic, 110 

, of atoms, 123 

, potential, 110 

total, 110 

Enriched water gas, 716 
Enstatitc 338 
Epsom salts, 338 
Equations, chemical, 67 
Equihbnum, apparent, 112 

, chemical, 98 

conditions of, 104 

, constant, 520 

, effect of pressure on, 271 

, effect of temperature on, 271 

, false, 112 

, kmetic theory of, 267 

-, metastoble, 112 

- — van’t Hoff’s law, 271 
Equivalent conductivity, 312 


I Equi% alent electrochemical, 306 

‘ weights, 20, 142 

1 Erbium, 802 
' Eremacausis, 737 
Errors of experiment, 16 
Etching glass, 277 

, test ffuondes, 277 

Ethane, 701 
Ethyl alcohol, 654 

orthoborate, 626 

orthosihcate, 776 

Ethylene, 694, 701 

dibromide, 006 

dichlonde, 696 

properties, 606 

Euchlorme, 201 
Europium, 803 
Eutectic, 162 

temperature, 162 

Eutexia, 162 
Euxemte, 801 
Evaporation, 166 

, kinetio theory of, 166 

, reduced pressure, 196 

Evidence, circumstantial, 21 

, cumulative, 21 

Evosmosis, 207 
Experiment, 4 
Explosions, 741 


Fakad, 303 

Faraday’s dark space, 822 

gold, 120, 387 

laws eleotrolysiB, 304 

Felspar, 17, 631, 777 

lime, 777 

potash, 777 

soda, 777 

Fergussomte, 566 
Fermentation, 664 
Ferrates, 408 
Feme acid 498 

chloride, 263 

ferrocyamdo, 763 

hydrates, 265 

hydroxide, 497 

oxide, 497 

sulphate, 461 

sulphide, 412 

vapour density, 265 

Femeyamdes, 762, 706 
Femte, 486 
Ferrocliromium, 471 
Ferroiynmo acid, 762, 763 
Ferrooyamdes, 702, 766 
Ferromanganese, 482 
Ferrosofernc oxide, 498 
Ferrotitamum, 800 
Ferrous acid, 498 

ummomum sulphate, 448 

chlonde, 267 

chroimte, 404 
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Ferrons femoyanide, 764 

ferrocyamde, 764 

hydroxide, 496 

oxide, 496 

potassitun, 764 

sulphate, 448 

sulplude, 4J2 

Filtration, vrat&e, 160 
Firedamp, 691 
Fixed air, 349, 667 

olkah, 347 

Flame, Bunsen’s, 768 

caps, 743, 744 

, chemistry of, 760 

, luimnositv of, 764 

, SimthelB’ separator, 749 

, structure of, 746 

Flash pomt, 741 

Fleitmann’s distmction, arsemo anti- 
mony, 609 
Fhnt, 772 
Flnohorates, 631 
Fluorapatite, 677 
Fluorides, 278 

acid, 278 

, etchmg teat, 277 

Fluorme, 278 

, atomic \reight, 280 

, history, 279 

, preparation, 279 

1 properties, 280 

Fluonte, 276 
Fluorofoim, 781 
Fluorspar, 276 331 
FluosiUcates, 780 
Formaldehyde, 666 
Formic acid, 660, 760 
Formula constitutional, 69 

, cham, 416 

, grapluc, 69 

, structural, 69 

, -weight, 61 

Fraotionel crystallization, 191, 226 

distillation, 168, 194 

precipitation, 803 

Frankland’s theory lummosity, 767 
Frankhnite, 339 
Fraunhofer’s hnes, 364 
Freezing mixtures, 245, 645 

of solutions, 161 

pomt of solutions, 218 

Fremy’s salt, 276 
Fuel gases, 716 

, calorific po-wer, 704 

Fulmmatmg gold, 390 
Ftumng liquids, 232 
Fusible alloys, 608 
Fusion, latent heat of, 166 


G 

OADOumTn, 802 
Gadohmum, 802 
Gahmte, 339, 036 


Galena. 394 411, 703 
Galhum, 637, 811 
Galvanized iron, 487 
Gamma rays, 840 
Garmerite, 499 
Gas, 10, 166 

analysis, 63 

, carbon, 710 

lime, 710 

hquor, 709 

occluded in minerals, 665 

solubility m hqmds, 673 

sylvestre, 667 

tar, 709 

trough, 43 

Gases, kmetic theory, 113 

, liquefaction, 126 

, , Lmde’a process, 126 

Gasolme, 703 
Gay-Lussac’s tower, 433 
Geber, 7 

Generalization 3 
Generator gas, 711 
Geo-coronium, 559 
Geometrical isomerism, 616, 640 
German silver, 378, 600 
Germanium, 787, 811 

tetrachloride, 779 

Geysente, 773 
Gibbs’ phase rule 162, 104 
Gibbsite, 631, 636 
Glass, 779 

, Bohemian, 779 

, cut, 779 

• , etcbng, 277 

, fimt, 779 

, Jena, 779 

, plate, 779 

, potash, 779 

, soda, 779 

Glauberite, 226 
Glover’s tower, 432 
Glucmum See Beryllium 
Gob, 736 
Gold, 384 

colloidal, 386 

extraction, 386 

refining, 386 

. cupellation, 386 

, electrolysis, 386 

sulphide, 409 

tnsulpbide, 409 

Goldschmidt’s process metals. 470 
Gothite, 484, 497 
Graham’s law diffusion, 106, 116 
Gramte, 17 
Graplute, 726 

Broke’s, 727 

qproutmg, 728 

Graphitic acid, 727 
Graplutites, 727 
Green vitnol, 448 
Greenockite, 213, 340 
Guano, 606 
Guignet’s green, 490 
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Gnldberg and Woage’s law, 101 
Gun cotton, 612 
Gun motal, 378 
Gunpowder, 22, 707 
Gutzeit’a distinction arsenic antimony, 
610 

Gyjisiun, 224, 334, ^4 


H 

BlsuAxrcE, 484 

, brown, 484 

, red, 484 

Bxemoglobin, 683, 738 
Holides, 200 
Habte, 227 

Halogen elements review, 200 
Halogens, 200 
Hardenite, 404 
Harness of water, 666 
Hausmannite, 481 
H6uy’s law, 173 
Heat evaporation, 166 

formation olilondcs, 243 

fusion, 168 

Heovy spar, 447 
Hebnm, 664, 666, 831, 832 
Henry’s law, 673 
H^ar Bulpbunc, 408 
Heptad, 68 

Hdroult’s process alummium, 632 
Hess’ law, 203 
Heusler’s alloys, 482 
Hexagonal system crystals, 176 
Hexatbionic acid, 468 
Hittorfs phosphorus 681 
Hofmann's destruction arsenic anti 
mony, 610 

Homologous scries hydrocarbons, 700 
Homology, 700 
Horn quicksili er, 248 

silver, 260 380 

Hydraoids, 130 
Hydrargilhte 631 
Hydrates, 662 

, stability of, 446 

, vapour pressure 442 

Hydraulic cements 332 

imnin g gold, 386 

Hydrazine, 660 

chlorides, 660 

hydrates, 660 

sulphate, 660 

Hydrazoates, 662 
Hydrazoic acid, 661 
Hydrides, 104 
Hydnodic acid, 273 
Hydnodobismuthous acid, 612 
Hydrobromio acid, 263 
Hydrocarbons, 660, 700 
■ — ■ — , constitution of, 700 
— — , homologous senes, 700 
Hydroolilonc acid, 230 
■ , electrolysis, 240 


Hydrochloric acid, history, 213 

, manufacture, 232 

, uses, 233 

Hydrochloronuric acid, 261 380 
Hydroohloroplatmic acid, 642 
Hydrochloroplatmous acid, 643 
E^drofluobocTo acid, 631 
Hydrofluonc acid, 276 

, manufacture of, 276 

Hydrofluosihcic acid, 780 
E^drogels, 266 
Hydrogen, 42, 660 

, allotropic, 816 

bromide, 261 

hydrates, 204 

properties, 264 

Hydrogen chlonde, 220 

composition, 240 

hydrates, 230 

preparation, 220 

properties, 230 

cyanide, 766 

dioxide See Hydrogen peroxide 

disulphide, 416 

eqni\ nlont of metals, 03 

fluondo, 276 

, composition of, 277 

properties, 276 

vapour density, 277 

history, 42 

mponodic ^tom, 814 

iodide, 272 

, action sulphur dioxide on 

422 

properties, 273 

occurrence, 01 

pentasulphide, 416 

peroxide, 180, 102, 660 

composition, 108 

constitntion, 108 

formation of, 102 

I occurrence, 106 

— of crystallization, 444 

preparation, 104 

properties, 106 

tests 108 

persulphide, 416 

phospWe, 687 

hquid, 680 

solid, 690 

phosphides, 687 

! preparation, 42 02 

properties, 43, 101 

sulphide, 404 

1 action on arsenic acid, 620 

1 action on salt solutions, 413 

composition, 406 

preparation, 404 

properties 406 

trisulphide, 416 

Hydrogenite, 02 
Hydrogenium, 103 
Hydro!, 164 
Hydrohth, 104 
Hydrolysis, 143, 246, 448 
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Hvdrolysis, ionic theory of, 327 
Hydrone, 92, 154 
Hjdronitnc acid, 551 
Hydrosols, 255 
Hvdrosnlpbides, 4C7 
Hydroxides, 145 
Hydroxylamine, 547 
—I — hvdrochlonde, 547 
Hypoantimonic acid, 618 
Hrpobroimtes, 294 
B^Tpobromous acid 294 
HypocUontes, 2S4 
HvpochloTDns acid, 3S3 
Hvpoiodites, 294 
Hvpoiodons acid 294 
Hyponitntes, 615 
HTponitrons acid 515 
Hypophosphites, 600 
HTpophosphonc acid, 600 
Hypophosphorous acid, 509 
Hypo^piutes, 456 
Hyposulphites, 426 455 
Hyposulpburous acid, 426 
Hvpothesis, 6, 6, 7, 9 
Hysteresis, 79, 112 


I 

Ice, 154 

Iceland spar, 329 
Ideal gases, 677 
Ignition point, 740 

temperature, 740 

Ilmenite, SOO 
Impurities, effects of, 26 
Incandescent mantles, 755 
Indium, 637 

Induction electric furnaces, 722 
Inflammable air, 42 
Insoluble substances, 159 
Intensity factor energy. 374 
Intermediate oxides 145 
Invariant ^sterns, 165 
lodazide, 552 
Iodic acid, 295 

anhydride, 296 

Iodides, 266, 273 
Iodine, 262, 813 

, atomic Tvcight, 266 

dioxide, 296 

heptoxide, 298 

history, 264 

mannfoctnre, 265 

monobromide, 280 

monochlonde, 280 

occorrence, 267 

pentafluonde 280 

pentoxide, 29G 

jiroperties, 265 

poiification, 265 

solutions, 266 

tetroxide, 296 

tncKlondc, 280 


lodme tnflnoride, 280 

uses, 266 

vapour density, 267 

Ionic hvpothesis, 307 

failure of, 368 

history, 310 

Ionium, 832 
Ionization, 308 . 

constant, 318 * 

degree of, 313, 319 

, modes of, 317 

percentage, 313, 319 

Ions, 25, 308 

, coloured, 469 

, colourless, 469 

, equilibrium of, 318 

migration of, 316 

nnmber in Eolations 311 

, speeds of migration, 316 

Indium, 640 

sesqoioxide, 643 

Iron, 484 See Feme and Ferroua 

allotropy, 485 

carbonyls, 686 

family elements, 600 

, galvanized, 368 

mannfactnrc 487 

, noncarbonyl, 687 

, passive, 48*6 

, pentacarbonyl, 687 

pig, 490 

pyntes, 394, 484 

msting, 367 

snlpbide, 412 

tetracarbonyl 687 

Imversible cells,* 367 
Irotyanides, 767 
Xsadimoiphism, 181 
l^menc changes, 701 
Isomensm, 258, 549 

, anti type, 516 

, enantiomorahic 616 

j geometriMj, 516 

I metal ammmes, 650 

. physical, 616 

, , syn type, 516 

I Xsometne system crystals, 176 
I Isomorphism, 179, 180 

' , atomic weights by, IS2 

I tests of, 181 

I Isotopes, S49 
i Irotopic elements 849 

I lsotrmaorphism, 173, 803 
I%ory block, 720 


J 

Jasgoxia, 801 

Jasper, 772 

Jolly’s apparatus, 502 

Joule, 372 

Joule’s larv, 572 

Joule-Thomson effect, 124 
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K 


KAunTE, 224 338 
KalkstiokstoII, 704 
ICaobmto, 777 
Kcrargvnto, 380 
Kerosine, 703 
Kicsolguhr, 773 ^ 

Jviesonte, 224, 338, 441, 447 
Kmotio theory atoms, 121 

chemical notion, 08, 207 

- - crystal ^o\rth, 178 

cquihbnum, 207 

evaporation, 165 

, (gaseous solution, 073 

, Heniy’s law, 076 

, molecules, 113, 110 120 

Buporsatumtion, 108 


Kipp’s apparatus, 46 
Kish, 72b 
ICnowledgc, empirical, 2, 4 

■, sciontifio 2 

Kopp’s rule, 672 
Krjptol, 728 
Kr\ pton, 604 
Kuiifemickol, 400, 003 


liADAtlRAQTTE’S solution 284 
Labile, state of solutions, 108 
Lamp, self hghtmg, 102 
Lampblack, 718 
Lanthanum, 038, 802 
Lapis lazuli, 778 

sobs, 336 

Latent heat fusion, 160 

. Naponzation, 160 

Ln\ oisior and Laplace’s law, 200 
Law, 6, 0, 9, 82 

Boylo’s, 76, 114, 208 

. Ciharles’, 83, 116, 200 

combming \ olumes, 66 

, compound proportion, 30 

-, conservation of weight, 31 

constant composition, 14, 473 

, definite proportions, 16 

, Diilong and Petit’s, 609, 673 

, Graham’s, 106, 116 

, Oiildberg and Wnnge’s 101 

, indestructibility of matter, 31 

Joido’s 672 

, multiple proportions, 20, 34 

, Iventnann’s, 671 

, octaves, 807 

■ portial pressures 81 

, periodic, 807, 841 

— , persistonco of energy 110 

, — ^ — • of weight, 31 836 

, Rnoult’s, 216, 218 

rcciprocol proportions 28 

transformation of energy, 108 

Lazuhte, 677 


Lend, 793, 840 

azide, 662 

carbonate, 664 

, basic, 004 

chlondo, 262 

chromate, 466 

, basic, 466 

desilveration, 382 

, Parke’s process, 383 

, Pattinson’s process, 382 

e"<trootion, 703 

liydroxide, 796 

hypophosphite, 601 

metaplnmbnte 797 

monomde, 706 

orthodisihcate, 776 

orthoplnmbate, 797 

oxides, 706 

, constitution, 797 

oxychlondo, 262 

peroxide, 706 

potossium sulphate, 440 

I scsquiovido, 706 

silver alloys, 383 

suboxido, 796 

sulphate, 438, 440 , 

acid, 449 

, basic, 440 

sulphide, 411 

tetracetate, 700 

tetraohloride, 262, 779, 700 

totrafluondo, 700 

tetrosude, 706 

tlnoclilonde, 411 

tm alloys, 700 

tnmtnde, 662 

Leblanc’s blnok ash process, 440 000 

le Chotoher’s eqiulibrium law, 272 

Legummous plants, 607 

Lenord’s roys, 824 

Leonite, 224, 226 

Lepidohte, 307 

Leucite, 777 

lioucono, 781 

Lignite, 724 

Ligrom, 703 

Lime, 332 

Limestone, 320, 331 

Lunomte, 484, 407 

Lindo’s process, hquid air, 126 

> oxygon and nitrogen, 126 

Liquation, 606 
Liquefaction gases, 1 26 

, Linde’s process, 126 

Litharge, 706 
Lithia, 367 
Lithium, 367 

chloroplatinate, 042 

monoxide, 367 

nitndo, 367 

oxide, 367 

Loadstone, 480 

Lockyor’s evolution of elements 821 
Luminosity flame, 764 
, Dovy’s theory, 766 
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Lnminosity flnmo, FranUand’s theory, 
7S6 

Lummotus pamte, 400 
Lutecimn, 638 


M 

MAGI^A^nnr 63 1 

Magnesia See Magnesiom oxide 

alba, 664 

Magnesite, 338 
Magnesiom, 337, 338 

ammonium phosphate, 596 

bonde, 629 

carbonate, 664 

, basic, 664 

chloride, 243 

hydroxide, 339 

mtnde, 538, 557 

orthoborate, 626 

ortbodisihcate, 775 

oxide, 339 

oiqrchlonde, 245 

pyrophosphate, 595 

s^cide, 784 

sulphate, 447 

zme family elements, 344 

Mognetic aOoys, 482 

iron pyrites, 412 

oxide, 486 

Magnetite, 484, 498 
Magnets, Mayer’s floatmg, 839 
Magnus’ green salt, 643 

rule electrolysis, 373 

Malachite, 377 
Molomc acid, 684 

anh^dnde, 684 

Manganates, 478 
Manganese, 481 

blende, 481 

bronze, 378 

carbide, 482 

chloride, 258 

dioxide, 476 

, hydrated 477 

dithionate, 457 

hoptoxide, 480 

mangamte, 477 

mtnde, 482 

ortliomanganite, 477 . 

sesqnioxide, 477 

tetracblonde 258 

trichlonde, 258 

Manganic acid, 479 480 

anbydnde, 480 

cblonde 258 

hydroxide, 477, 478 

potassium alum, 476 

sulphate, 476 

tnoxide, 480 

Mangamte, 481 
Mangano mangamc oxide, 477 
Manganous acid, 747 
carbonate, 478 


Slanganous hydroxide, 478 

oxide, 478 

Marble, 329, 331 
Marcasite, 412 
Marsaut’s safety lamp, 744 
Marsh gas, 691 

Marsh’s test, arsemc antimony, 610 
Martensite, 494 
Massicot, 705 
Matches, fnction, 691 

, safety, 591 

, 'fnction, 691 

Matloclate, 793 
Matte, 379 
Matter, 108 

, annihilation of 85" 

, creation of, 857 

, Thomson’s corpuscular theory, 

838 

Maximum trork, pnnciple of, 202 
^lechamcal mixtures processes, sepora 
tion, 21 

Meerschaum, 338 
3Ieiler, 719 
Maker’s burner, 758 
Mendel^efiPs penodio law, 807 
Mercunc chlonde, 248 

1 cyamde, 766 

I iodide, 276 

nitrate, 518 

, basic, 618 

oxide, 10, 128, 344 

oxychlonde, 248 

sulphates, 441 

sulphide, 410 

tluochlonde, 410 

-Si — thiocyanate, 768 

thiomtrate, 410 

Mercurous cblonde, 248 

ammomum, 248 

vapour density, 248 

chromate, 466 

iodide, 275 

mtrate, 618 

, basic, 618 

oxide, 343 

sulphates, 441 

sulphide, 410 

Mercury, 341 

carbonate, 664 

Mesomtnc acid, 512 
Meso-oxahe acid, 781 
Mesopbosphonc acid, 596 
Meta antimomc acid, 617 
Meta-antimonious acid, 615 
Meta antimomtes, 615 
Meta arsemc acid, 616 
Metabismuthic acid, 618 
Metabohe products, 685 
Metabolism, 737, 738 
Metaborates, 627 
Metabonc acid, 626 
Mctacarbomc acid, 660 
Meta elements, 804 
Metalloids, 65 
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Metols, 66 

, Bose, 194 

, hydro{,eu equivalent, 93 

, Noble, 384 

^letalnminio acid, 030 
Metamerism, 640 
Metanitno acid, 612 
Metanitrons acid, 610 
Metaphospbates, 600 
Metapbosphonc acid, 600 
Metaphosphorons acid, 609 
Metaplumbic acid, 797 
Metosihcotes, 776 
Metosibcio acid, 774 
Metastable systems, lOS 
Metastamuc ocid, 791 

, o. 791 

,0 791 

Metathesis, 702 
Mctathioeiscmo soid, 020 
Methane, 001, 004 

properties, 092 

Methyl olcobol, 720 

cblondo, 093 

hlica, 117 

Microcosmic salt, 604 
Mmerol olkah, 347 
Mmerols, formula} of, 377 
hlmium, 706 
hbspickel, 003 
Slitschorhch’s law, 179 
ilixed erj stale, 646 
Mixtures, 17 

Modes of chemical action 701 
Sfoebius’ process silver, 182 
Molir’s salt, 448 
Moistnro m atmosphere 660 
Molcoiilar attraction, 116, 124 

compounds, 646 

formula) 1^ analjrsis, 203 

heats, 671 

^scs 673 

hqiuds 672 

solids, 671 

theory of matter, 113 

weights, 68, 67 

, abnormal, 220 

, Beckmann’s boilmg pomt 

process, 216 

, Beckmann’s freozmg pomt 

process, 218 

, Londsberger’a boilmg pomt 

process, 217 
Molecule, 67 
Iklolecules, 113 

covolnmc, 677 

, kmetio theory of 111 116,120 

V ibratmg v olumc, 077 

Jloljbdatcs, 472 
Moljfadenum, 472 

carbonvl, 087 

steel, 473 

Molj bdic acid, 472 

tnoxide, 472 

Monad, 08 


Monazito, 677, 623, 801 
Monochloramide, 638 
Monoclinio system crystals, 176 
Monopcroxycarbonotcs, 072 
Jlonoperoxydicarbonotcs, 672 
Monosymmetno tystem crystals, 176 
Mortar, 312 
Mosaic gold, 411 
Muriatic acid, 230 
Muthmann’s sulphur, 307 


N 

Naphtha, 703 
Nascent action, 460 

state, 103, 202 

Natrohte, 777 
Nebula), 819 
Nobuhum, 824, 804 
Negative plate, 20 

polo, 20 

Neodymium, 024, 803 
Neon, 604 837 
Ncsslcr’s solution, 276 
Neumann’s law, 671 
Nentrahzation, 140, 143 

, ionic theory of, 323, 326 

Newiand’s law of octaves, 807 
Newton s metal, 008 
Niccohtc 499 
Nickel, 490 

carbonyl, 600 

glance, 400, 003 

sepamtion cobalt, 001, 002 

steel, 600 

tetrncnrbonyl, 680 

Nickohc IndroMdc, 497 

oxide, 407 

Nickoloiis clilondc, 269 

hydroxide, 490 

■ oxide 40b 

Niobite, 023 
Niobium, 022, 023 
Niton 831 
Nitragcn, 608 
Nitrates, 617 

, idcntiGcation, 619 

Nitre, 603 

plantations, 605 

' Nitntcs„618 

identification, 619 

, tests, 610 

Nitric acid, 610 

, action on metals, 513 

, basicity, 617 

, fummg 611 

, manufacture, 010 

, monohydratc, 612 

properties, 611 

trihydrote, 612 

anhydride, 614 

ferment, 600 

oxide, 623 

hydrate, 664 
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Nitndes, 634, 657 
Nitrification, 60S 
Nitnles, 767 
Nitro-cellulose, 612 
Nitrogen, 10, 656 

, allotropic, 657 

cblonde, 638 

, Claude’s process, 126 

cyde, 606 

^oxide, 623 

family elements, 621 

fixation, 608 

, Birkelond and Eyde’a 

process, 609 

by bacteria, 607 

, Siemens and IlalsLc’s 

process, 608 

hexoxide, 624 

iodide, 639 

Lmde’s process, 126 

monoxide, 620 

oxides, 631, 660 

pentoxide, 614 

peroxide, 626 

preparation, 665 

properties, 657 

sulphide, 538 

tetroxide, 626 

tnoxide, 630 

Nitroglycerol, 612 
Nitronydroxylanuo acid, 664 
Nitrolune, 764 
Nitro>metals, 631 
Nitrosulpbunc acid, 431 
Nitrosyl, 628 

cblonde, 620 

fiuonde, 626 

Nitrous acid, 618 

anbjdnde, 531 

ferment, 506 

oxide, 520 

Nitroxyl, 630 
Nitroxysulpbnnc acid, 432 
Noble gases, 384 

metals, 384 

Nomcnclatine, 37 

compounds, 38 

dements, 37 

Non cokmg coal, 725 
Non-electrolytes, 24 
Non metals, 65 
Nordhausen acid, 429 
Nona, 801 


O 

Obuqui: sjstcm crystals, 175 
Obscnation, 1 
Occam’s razor, 686 
Ocdusion, 102 

Occurrence of elements, 91, 817, 835 
Ocliroite, 801 
Octad, 68 

Octahedral system ciystab, 176 


Oil gas, 716 

, oxidation of, 736 

shtdes, 704 

Olefiant gas, 696 
Olefine senes, 670 
Obvme, 775 
Opal, 772 

Open hearth process steel, 493 
Opposmg reactions, 97 
Orangeite, 801 
Orpiment, 603 
I Orthite, 801 
Orthoalummic acid, 636 
Orthoantimomc acid, 617 
Orthoantimonous acid, 615 
O'thoarsemc acid, 616 
Ortboaxseaioua acid, 619 
Ortboborates, 626 
Orthobonc acid, 626 
Orthocarbomc acid, 660 
Orthodosc 777 
OrthodiBihcatcs, 775 
Orthomtnc acid, 512 
Orthomtrous acid, 619 
Orthophosphates, 693 
Orthophospbonc acid, 502, 506 
Orthopbosphorous acid, 690 
Ortboplumbic acid, 797 
Orthorhombic sjstcm cyrstals, 175 
Orthosihcates, 776 
Orthosiltcic acid, 774 
Orthostanme acid, 791 
Orthothioarsemc acid, 620 
Osmmdium, 640 
Osmium, 640 

scsqmoxido, 643 

tetroxide, 043 

tnoxide, 643 

Osmotic pressure, 206 

pressures, abnormal, 220, 317 

, Callcndar’s liypothcsis, 213 

, \ an’t Hoff’s hyxiothesis, 207 

Ostwald’s dilution lew, Sis 
Oxahe acid, 781 
Oxidation, 47, 71, 700 
Oxides, 134 144 

amphoteric, 144 

mtcrmediatc, 145 

Oxidizing agents, 760 
Oxomum compoimds 1 92 
Oxyacetjlene flame, 009 
Oxyacids, 139 
Oxjgen, 10 

, Claude’s process, 126 

family -elements, 460 

, history of di8co\eiy , 128 

, Lmde’s process, 126 

, occurrence, 128 

preparation, 120, 131, 132 

, Bnn’s process, 132 

, Kassner’s process, 796 

properties, 133 

standard atomic weights, 64 

O-^haimoglobin, 738 
Oxyhj drogen flame, 101, 699 
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Oxymunntio ocid, 233 
Ozokerite, 704 
Ozone, 184, 600 

constitution, 180 

formation, 184 

lustory, 180 

occurrence, 188 

preparation, 186 

properties, 186 

tests, 180 

uses, 180 

Ozomo acid, 102 


P 

> 

Pai.'USiiO'CS iodide, 042 
Palladium, 640 

tetraclilonde, 042 

Pandermite, 62 
Pantogen, 810 
ParafSn oil, 703 

senes, 700 

Paromapnetism, 483 
Parapen^ic acid, 208 
Paris green, 014 

Parked dcsilvenzation process, 383 

Parrot coal, 725 

Partmg gold, 386 

Passive resistance, 70, 112 

Passivity, 486 

Patio process silver, 382 

Pattinson’s process dcsilvenzation, 382 

vrlute lead, 262 

Poarlash, 366 
Pearlito, 406 
Pont, 724 
Pentad, 68 

Pentathionic ocid, 467 

Perborates, 027 

Perbromio acid, 207 

Percarbonates, 072 

Perchlorates, 302 

Percbloretlieno, 780 

Percblono aoid, 201 

Peroliromio acid, 408 

Percy and Patera process silver, 381 

Pcrdisulphurio acid, 463 

Perfect gases, 677 

Penod of mduotion, 200 

Penodotes, 207 

Ponodic aoiite, 207 

, nomenclnturo, 208 

anhydride, 208 

law, 807, 863 

Permanent hardness, water, 600 
Permanganates, 470 
Pormangamo ncid, 480 

nnhjdnde, 480 

PermoobiUty metals to gases, 103 
Permonosulphuno noid, 463 
Peroxidates, 100 
Peromdes, 144 

Perpetual motion, law of, excluded, 110 
Persulphates, 461 


Porsulphnics, constitution, 452 
Pcrsulphuric acid, 461 
Petnhte, 367 
Petrol, 703 
Petroleum 702 

other, 703 

refining, 702 

Pewter, 700 

Plinraoh’s serpents, 768 
Phase, 103 
rule, 162 

, classification systoms by, 

100 

, Gibbs’, 162, 104, 108 

Plulosophcr’s stone, 837 
Phlogistiootcd air, 666 
Plilogiston, 7, 340 

theory, 734 

Phosgene, 086 
Phospludcs, 682 
Phosphme, 687 
Phosphites, 690 
Phosphonium clilondo, 680 

compounds, 688 

iodide, 680 

Phosphorottod hydrogen See Phos 
pluno 

Phosphor bronzo, 378 
Phosphorescence, 670 
Phosphoric acids, 603 

, lustorv of, 607 

, reactions of 607 

Phosphonto, 334, 677 
Phosphorous acid, 60S 

oxide, 607 

Fhosphoras, 676 

, allotropism of, 678 

, black, 682 

cyclo, 677 

, fflttorl’s metallic, 681 

manufacture, 676 

, oloctno process, 676 

, retort process, 676 

, oxidation oi, 670 

oxyohlondc, 680 

pentabromido, 684 

pontaohlonde, 684 

pontafluorido, 686 

poutosulpbido, 600 

jientoxide, 502 

pcrpjiosulphntc, 464 

purification, 600 

, rod, 670 

, Schenk’s scarlet, 681 

sesquisulplude, 600 

Buboxide, 687 

tetroxido, 600 

tnbromido, 683 

trichloride, 683 

— - tnfluonde, 684 

triliolidos, 683 

triodide, 683 

tnoxide, 607 

, yellow, 678 

Phosphoryl bromide, 686 
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Phosplioryl cUonde, 580 

duonde, 586 

Photogene, 703 
Photography, 260 
Physical chwges, 16 
Pig iron, 487 

grey, 490 

-, mottied, 490 


-, white, 490 


PintBoh’s oil gas, 716 
Pitchblende, 474 
Placer mining gold, 386 
Plaster of Paris, 440 
Plate, negative, 20 

, positive, 20 

Platinates, 643 
Platinio hydroxide, 643 

salts, 643 

Platinized asbestos, 646 
Platmous chlorides, 642 

hydroxide, 643 

oxide, 643 

Platmum, 040 

ammes, 648 

ammonium compounds, 643 

arsenide, 644 

, black, 646 

carbide, 644 

dicbloride, 042 

dioxide, 643 

disulphide, 044 

mtrate, 044 

phosphide, 044 

y, 646 
-olphide, 644 
- tetrachloride, 642 
-uses, 644 


Plumbago, 727 

crucibles, 728 

Plumbic acid, 797 
Plumbites, 796 
Pneumatic trough, 43 
Polarization, 369 
Pole, negatii e, 20 

, positn e, 20 

Pollux, 358 
Polomum, 828, 832 
Polybtomides, 206 
Polycliromatea, 460 
Polyhahte, 224 
Folyiodides, 266 
Polymensm, 649 
Polymerization, 221, 700, 701 
Polymorphism, 173, 268 
Polyoxides, 199 
Polyphosphorous acid, 699 
Pol^ulphides, 407 
Polythionic acids, 450 
Porcelain, 778 
Portland cement, 332 
Positii e plate, 20 

pole, 20 

ray analysis, 834 

rays, 833 

Potable water, 160 


Potash, 346 
Potassium, 360 

amalgams, 342 

antimonyl tartrate, 616 

aurato, 389 

bicarbonate, 662 

bromate, 294 

bromide, 274 

carbonate, 346, 662 

, hydrates of, 662 

carbonyl, 361 

chlorate, 171, 287 

action, heat on, 129 

chloride, 171 

composition, 229 ^ 

properties, 229 /f 

purification, 229 

chlonte, 290 

clilorochromate, 467 

chloroplatmate, 642 

chloToplatimte, 643 

chlorostannate, 252 

'•hromate, 465 

cobaltioyamde, 661 

cobaltite, 408 

cuprocyamde, 766 

cyanate, 767 

cyomde, 764 

diohromate, 464 

dihydrogen orthoontimomato, 618 

pyroantimoniate, 618 

ferrate, 499 

femoyomde, 763 

ferrocyamde, 762 

hexathionate, 468 

hydride, 104, 352 

hydrogen fluoride, 276 

hydroxide, 347 

hypoantimoniate, 618 

lodate, 296 

iodide, 273 

lodobismuthate, 612 

manganate, 476 

metabismuthate, 618 

metaborate, 627 

metaplumbate, 796, 797 

metasihcate, 776 

monosiilphide, 408 

monoxide, 363 

mtrate, 603 

orthoantimoniate, 618 

pentathionate, 468 

percarbonate, 672 

permanganate, 479 

peroxide, 363 

perruthenate, 643 

plumbite, 796 

pyroantimomafe, 618 

pyrosulphate, 440 

ruthenate, 643 

sil\ er cj amde, 766 

stanmte, 790 

tetmchromate, 466 

tetroxide, 363 

thioaurate, 409 
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Potassium thiocyanate, 768 

thiostannato, 411 

titanato, 800 

— — trichromate, 406 

tn iodide, 260 

Potential contact, 304 

dincrencc, 300 

Pottorv, 778 
Ponder of Algaroth, 612 
Praseodymium, 624, 803 
Precipitation, fractional, 803 

, lonio tlieorj of, 321 

Primal dement 13, 816 
Primarj arc, 714 

Principle of ro\ersibility, 26, 202, 271. 

82b 

Prismatic STstom crjstals, 176 
Producer, 711 
gas, 711 

Properties, additive, 10, 122 

, coUogati\o, 210 

, constitutive, 222 

Proto fiuonne, 864 

hydrogen, 804 

Protyle, 816 
Proust’s law, 16 
Prout’s hypothesis, 816 
Prussian blue, 763 
Prussic ocid, 766 
Pseudo alums, 461 
Puddling furnace, 400 
Pure su&tanccs, 26 
Purple of Cassius 387 
Pyramidal sjstom crystals, 176 
PiTito, 412 
PjTitcs, 412, 484 

, cupriferous, 484 

, iron, 484 

I’jTonntmionic acid, 617 
PiToarsonio acid, 016 
PjToborates, 627 
P^ rogmpliitio noid, 727 
Pjrofusito, 476 481 
PjTomorphite, 703 
Pyrophono powders 730 
Pyrophosphono acid 606 
PjTopliosphorous acid, 600 
Pyrophosphorvl chloride, 686 
Pyrosulphntes, 120 
Pvrosulpliuric acid, 420, 437 
P\ rotliioarscnic acid, 020 
P^rothioarscmous acid, 010 
Piirhotine, 412 
Pyrrhotite, 412 


Q 

QuAnnATio system crjstaLs, 176 
Quanta of cnergj , 674 
Qunntit j factor energy , 374 
Quantiy nlcnc} , 72 

Quantum theory of spcciflc heats, 674 
Quartntion gold, 386 
Quartz, 17, 771 


Quartz, amethyst, 771 

, milky, 771 

, smok}, 771 

Quaternary system crystols, 176 
QuicUime, 331, 332 


R 

Rasioi-es or radicals, 72 
Radient matter, 820 
Radioactivity, 827, 833, 846 

, Armstrong’s helide hypothesis, 

833, 830 

, Rutherford and Soddy’s atomo 

dismtegmtion hypothesis, 834 
Radio uranium, 832 
Radium, 827 

clock, 820 

emanation, 830 

Ram water, 140 
Raoult’s laws, 216, 218 
Rare earths, 802 

in periodic low, 814 

Boys, Bocquerol’s, 830 

, canal, 833 

, cathode, 827 

, Lenard’s, 820 

, positive, 833 

, Rontgen, 831 

X , 831 

Reacting weights, 20 
Reaction chemical, 04 

, concurrent, 137 

, consecutive, 136 

, Bide, 137 

Realgar, 603, 020 
Reciprocal combustion, 746 
Red, Chinese, 411 

lend, 706 

phosphorus, 670 

precipitate, 128, 617 

zinc ore, 330 

Reducing agents, 770 
Reduction, 47, 71, 760 
Refrigeration, 630 
Regulnr system crystals, 170 
Respiration, 737 
Retger’s law, 180 
Royersed combustion, 746 
Reyorsibilitv, pnnciple of, 26, 202, 271, 
820 

Royersiblo cells, 367 
Rhigolene, 703 
Rhodium, 044 

Bcsquioxido, 043 

Rhombio system crystals, 176 
Rhombohcdral system crystals, 170 
Richter’s law, 142 
Robm’s law, equilibrium, 271 
Rock oil, 702 

salt, 224, 227 

Rontgen’s rajs 826 
Rose’s fusible metal, 008 
Rouge, 407 
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Bnbiditun, 367 

chloroplatmate, 368, 642 

cblorostaimate, 358 

Buby, 631 

ore, 377 

Budorfi’s Bask, 135, 607 
Bust, 486 

Busting of iron, 367, 486 
Batbeninm, 640 

sesqtuoxide, 643 

tetrozide, 643 

tnoside, 643 

Bntile, 800 


S 

RATETT-LASrP, 743 

Davy’s, 743, 744 

, Morsant’s, 744 

Solt, 138, 140, 141 

, acid, 140 

, basic, 146 

, comples:, 646 

, compound, 645 

, normal, 140 

Salt-cake, 440, 660 
Salterns, 223 
Salt-^aze, 778 
Saltpetre, 603 

Chdi, 603 

, Norwegian, 609 

Samarium, 803 
Sapphire, 631 
Satin spar, 320 
Saturated compounds, 70 
Scandium, 638, 802, 811 
Scheele’s green, 614 
Scbeehte, 474 

Schenk’s scarlet phosphorus, 581 
Schillmg’B eSusion apparatus, 188 
Schlippe’s salt, 620 
Sidiomte, 224 
Schorl, 17 

Schwemfurt’s green, 614 

Schweitzer’s reagent, 389 

Seaweed, 264 

Seconds^ air, 712 

Seidhtz powder, 662 

Selemte, 444 

Selemum, 460 

Self -oxidation, 470 

Self -reduction, 479 

Belter’s water, 056 

Seltzer water, 656 

Senu-watcr gas, 713 

Senupermeable membrane, 207, 208 

Senarmomte, 616 

Serpentme 338, 776 

Sidonte, 484 

Siemens ozone tube, 185 

regenerative furnace, 493 

Silica, 771 


SQica amorphous, 772 

bncLs, 773 

, garden, 776 

properties, 772 

Sihcane, 784 
Sihcates, 773, 776 

naming, 776 

Sihcic acids, 773 

a , 776, _ 

B-. 775 

Sihciuretted hydrogen Sice Sflicane 
Sihco -acetylene, 784 
Sihco-chloroform, 781 
Sihco-ethane, 784 
Sihco dnoroform, 781 
Sihco formic acid, 781 

anhydride, 781 

Sihco-meso-oxahc acid', 781 
Sihco methane, 784 
Sihco-oxahc acid, 781 
Sihcon, 781 

, amorphous, 782 

carbide, 783 

crystalline, 782 

di umde, 780 

bexachlondc, 780 

hydrides, 784 

nitnde, 780, 783 

, ^cific heat, 670 

tetrachloride, 779, 780 

tetrafluonde, 770 

tetramide, 780 

Silver, 380 

bromide, 274 

carbonate, 388 

chlorate, 289 

chloride, 250, 274 

, action, hght on, 260 

chromate, 466 

colloidal, 387 

cyanide, 766 

, extraction of, 381 

fluonde, 274, 278 

glance, 380 

hypomtnte, 616 

lomde, 274 

, lead alloys, 383 

nitrate, 388, 617 

mtnde, 389 

orthophosphate, 594 

parapenodate, 298 

permanganate, 480 

peroxide, 390 

phosphide, 682 

sest^uioxide, 390 

sodium thiosulphate, 465 

snbchlondc, 250 

suboxide, 390 

sulphate, 388 

sulphide, 409 

thiocyanate, 708 

tnnitnde, 651 

zme alloys, 383 

Simon Carves’ coke oven. 726 
Smalt, 500 



906 


INDEX 


Smakit-o, 400 

Smithella’ flamo separator, 7 10 
Soda, 347 
- — mttc, 603 

, extraction of, 604 

Sodamide, 638 
Sodium, 360 

nlunumum fluonde, 278 

amalgams, 432 

ammonium hj drogen phosphate, 

604 

— — bicarbonate, 662 

carbonate, 340, 862 

, hydrates of, 662 

hydrolyses, 662 

chloride, 227 

composition, 220 

punfacation, 228 

uses, 220 

chloroplatmate, 642 

chromate, 404 

dicliromate, 464 

dihydrogen phosphate, 604 

pyroantimoniatc, 018 

dithionato, 467 

diuranato, 474 

hydride, 104, 362 

hj drosnlphide, 408 

hjdroxiae, 347 

hj'poohlorato, 284 

hvpomtnte, 616 

hypophospluto, 600 

hyposidplute, 420, 466 

meta ontunomte, 016 

monoxide, 363 

mtrato, 603 

lutraprussido, 763 

orthophosphate, 604 

orthosihcato, 776 

orthothioantimonate, 020 

porapenodate, 208 

perborate, 627 

pcrcarbonato, 072 

peroxide, 363 

phosphate, 604 

, normol, 604 

pliosphite, 600 

platmatc, 043 

pj rophosphato, 606 

sulphate, 440 

tctmthionate, 460, 467 

thiosulphate, 466 

trithionate, 067 

tungstate, 474 

zirconato, 801 

bollium, 642 
boftemng water, 660 

, Clarke’s process, 608 

bolder, 700 
iSolfatnra, 303 
Solid solutions, 640 
Solubilit}, 168 

apparent, 320 

chfondcs, 246 

curves, 160 


Solubility curves, smoothing, 240 

gases, 073 

, measuring, 676 

, ionic theory of, 310 

law, 310 

> mixed gases, 676 

product, 320 

, real, 320 

Soluble glass, 773 
Solute, 168 
Solutions, 110 

, colours of, 468 

, docmormal, 143 

, normal, 143 

, pressure, 206, 364 

, standard, 143 

Solvent, 168 

, action on electrolytes, 307 

Solway’s ammoma soda process, 071 
Sombrente, 677 
Soret’s optical test, 760 
Specific gravity, 10 

heat, 666 

of gases, 666 

, ratio of two, 607 

sohds, 660 

Spectra absorption, 360 

gases, 366 

uqmds, 365 

phosphorescent, 804, 827 

sohds, 366 

Spectral hnes, gronpmg of, 810 
Spectroscope, 366 
Spectrum analysis, 363, 817 

, contmuous, 363 

, discontmuous, 364 

hne, 364 

Specular iron ore, 484, 407 
Speculum metal, 378 
Spent lime, 710 

oxide, 710 

Bperryhto, 044 
Sphene, 800 
‘Spmel, 338, 630 
Spmthariscope, 820 
Spirits of salt, 230 
Spodumene, 367 
Spnng’s reaction, 464 
Stalactites, 608 
Stalagmites, 068 
Stannates, a-, 702 

, 8 . 703 

Stannic clilonde, 261 

oxide, 701, 702 

sulphide, 411 

Stannic totrachlondo, 770 
Stannito, 788 
Stanmtes, 700 
Stannous chlonde, 262 

hydroxide, 701 

oxide, 700 

oxychloride, 262, 700 

sulphide, 411 

Stannyl chlonde, 702 
Stars, 810 
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Stofisfurt salt beds, 224 

, history, 226 

ongin, 226 

, \iaes, 227 

Steam volume synthesis, 67 

(vrater vapour), 163 

Steatite, 338 
Sted annealing, 406 

constitution, 494 

hardemng, 496 

manufacture, 491 

, Bessemer’s process, 492 

, acid, 493 

, basic, 493 

, cementation process, 491 

, crucible process, 492 

, electric furnace process, 

492 

, Siemens Martm’s process, 

493 

recalescence, 4S6 

tempering, 496 

, high speed, 473 

Stereoisomensm, 61b 
Stereometal, 606 
Stibme, 609 
Stibnite, 304, 606 
Storage cells, 797 
Strontmnite, 333, 334 
Strontium, 334 

carbonate, 333 

hydroxide, 333 

oxide, 333 

peroxide, 333 

■: sulphate, 447 

Sublimation, 642 
Substitution products, 093 
Suint, 340 
Sulphates, 440 

, acid, 421, 440 

, Hargreaves’ process, 441 

, Leblanc’s salt cake process, 440 

, normal, 421 

Sulphides, 396, 407 

, alkalme, 408 

Sulphimc acid, 460 
Sulphites, 421 
‘ Sulpho ” See “ Tluo ” 
Sulphocyamdes, 708 
Sulphones, 469 
Sulphomc acids, 421 
Sulphonium bases, 640 
Snlphoxyho acid, 469 
Sulphur, 393 

, a . 395 

, action beat, 399 

, |S, 306 

, Y , 401 

, S-, 399 

, X , 399, 400 

, ft-, 309, 400 

, amorphous, 399 400 

and phase rule, 398 

atomic weight, 401 

— — clilonde, 416 


Sulphur, colloidal, 390 

compounds in atmosphere, 600 

dichloride, 417 

dioxide, 418 

, composition of, 420 

, preparation, 418 

extraction, 394 

, flowers of, 396 

gypsum, 393 

heptoxide, 461 

, hydrated, 468 

, milk, 9, 401 

, molten, 799 

, monoolimc, 396 

monoxide, 469 

, Muthmonn’s 397 

, nacreous, 397 

, octahedral, 396 

, prismatic, 396 

, purification, 396 

, rhombic, 396 

, rhombohedml, 397 

, rook, 395 

sesquioxide, 426, 427 

, Bolfatanc, 393 

, soluble, 399 

, tabular, 797 

tetraobloride, 417 

tnclmic, 397 

tnoxide, 427 

a., 427 

, 5., 427 

, liquid, 427 

, preparation, 427 

, solid, 427 

Sulpbuno aoid, 428 

, concentration, 433 

, constitution, 478 

, dehydrated, 437 

, fummg, 429 

manufacture, 432 

, cliamber process, 430 

, contact process, 434 

, monohydrated, 437 

, Nordhausen, 429 

, pentahydrated, 437 

, profierties, 430 

, trihydrated, 437 

Sulphurous aoid, 419 

, anhs'dnde, 419 

, constitution, 423 

Sulpliuryl chlondo, 422 
Superoxides, 199 
Superphosphates, 695 
Supersaturation, 167, 108 
Snrfnsion, 166 
Sylvme, 224 
Symbiosis, 607 
Symbols 38 
Symmetry, 174 

, axes of, 174 

, planes of, 174 

Syn typo isomerism, 610 
Synthesis, 22 
Synthetical reactions, 702 
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T 

Tai. 0, 338 
Tantahie 623 
Tantalum, 622, 623 
Tor, 709, 711 
Tartar emetic, 616 
Tautomensm, 426, 647 
Tellnnum, 460 813 
Temporary hardness water, 666 
Terbium, 802 

Tosscral system crystals, 176 
Tessurnl system crystals, 176 
Tetraborates, 627 
Tetrabono acid, 626 
Tetrad, 68 

Tetragonal system crystals, 176 
TetratWmc acid, 467 
ThnUium, 637 
Thonard’s blue, 600 
Theory, 6, 6, 9 
Thermochemistry 112, 169 
Thermodynamics, first law, 1 10 
Thioantimonates, 620 
Tliioantimonic acids 620 
Thioantimonites, 619, 620 
Tluoarsenates, 620 
Thioarsenites, 619 
Tliiocarbonic acid, 6C8 
Tliiocnrbonyl ehlondt 688 
ThiocyanatM, 768 
Thiooyamo acid, 768, 760 
Tluonyl ohlonde, 427 
Thiophosphoiyl clilonde, 690 
Thiostannio acid, 411 
Thiosulphates, 464 
Thiosulphunc acid, 464 
Thomas and Qilchnst basic process 
steel, 493 
Thomas’ slag, 493 
Tlioria, 801 
Thonanito, £01 
Thorite, 801 
Thorium, 801 
Thulium, 802 
Tin, 787 

, aUotropio forms, 780 

alloys 790 

amalgam 743 

extraction, 788 

. grey, 789 

, lead alloys, 790 

, lode, 788 

phosphide, 682 

plate, 367, 790 

pyntos, 788 

refinmg, 788 

rhombic, 789 

tetragonal, 789 

vem 788 

Tincal, 630 
Tinstone, 788 
Titanates, 800 
Titanic hydroxide, 800 


Titomte, 800 
Titanium, 799 

dioxide, 800 

monoxide, 800 

nitnde, 800 

sesquioxide, 800 

trioxido, 800 

Transformer, electric furnace, 722 
Transition point, 160 

temperatures, 160 

Transport numbers, 316 

Travertine, 668 

Triad, 68 

Tnborene, 630 

Tnclmic system crystals, 176 

Tridymite, 772 

Trigonal system crystals, 176 

Tmnetno system crystals, 176 

Tnmoiphism, 173 

Tnnitndes, 661 

Triple pomt, 164 

Tripoli, 773 

Tnthiomc ocid, 467 

Trona, 97, 346 

Tungsten, 473 

chlorides 473 

Tumbull’a blue, 763 
Turpeth imneral, 441 
Turquoise, 677, 637 
Tuscany acid, 026 
Tuyeres, 488 
Tyndall’s effect, 420 

optical lest, 118 

Type metal, 006 


U 

TJuexite, 027 
TJItramarme, 778 
Ultramicroscopo, 118 
Ultromicroscopy, 118 
Undercoohng, 166 
Ummolecular reactions, 270 
Umtary theory of matter 816 
Umvanant system, 104, 166 
Unsaturated compounds, 70 
Umnimte, 474, 606 
Uranium, 474, 832 

, degradation of, 832 

X, 832 

Uranyl, 474 

ammomum phosphate, 474 

Urao, 346 
Urea, 686 
UistofF, 810 


V 

Valenot or Valence, 68, 123, 807 

, Abegg’s contra, 807 

, normal, 867 

, active, 70 

, auxiliary, 046 
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Valency, chief, 646 

dectronic hypothesis, 870 

latent 671 

, mazimnin, 676 

i nnll, S42 

, pmnary, 646 

, secondary, 646 

V V emer on, 645 

Valentiaite, 615 

Van der Waals’ gas elation, 677 
Vanadmite, 622 
Vanadinm, 622 

Van’t Hoffs hypothec osmotic pres 
sore, 207 

Vaporization. latent heat of, 156 
Vapour, 156 
densitv S6 

dctenninations, direct \reich- 

ing, S7 

Dumas’ process, 87 

, Hofmann’s process, S9 

Mever’s proc^, 89 

presnre, 156 

and osmotic presute, 211 

water, 162 

Variable dependent 164 

independent 164 

Variance, 164 

Va'Xt.line 703 

Vem Himmg gold, 385 

Velocity electrolvtic eondnet'on, 306 

reactions, 95, 96 

Vermilion, 411 
Vital force, 638 * 

Vitnol, 44S 

, bine, 441 

oil of, 448 

, white 448 

Viviaiute, 577 
Volatile olkolt, 347 
Voltages decomposition, 370, 

Volume of gases, measuring, 158 


W 

TViCKEvnoDEa’s soloUoxi, 45S 
Wad, 481 

Washmg processes, gold, 385 
M asmiam, SOI 
W ater, 25 12S 

Cavendish’s synthesis, 32 

combination, 44* 

composition, 44, eeg 

constitutional 443 

crystallization, 443 

cyde on nature 14S 

decomposition by dectricitv, SO 

by metals. 49 

distillation, 151 

drinking. 150 

, Dnma^ synthesis, 47 

filtration, 156 

■, fresh 149 

gas, 712 


{ Water 773 

j ground 149 

I hard, 666 

I m nature, 668 

hardness, 666 

, permanent, 666 

temporary, 666 

hvdration, 443 

Lavoisier’s experiments, 25 

nuneral, 169 

i molecular structure, 153 

i Morley’s svnthesis, 46 

, potable, 150 

V properties, 132 

ram, 149 

, nver 150 

> sea, 160 

, soft, 666 

, spnng 149 

snrface, 149 

svnthesis, 44 

j Wavdlite, 577 
J Weathering rocks, 777 
Weldon’s recovery process, 234 
Welsbach’s mantle, 755 
White lead, 664 

, manufacture 664 

> charahcp corrosion, 665 

, electrolysiB, 666 

Dutch, 664 

Stack, 664 

'Tb^nard’s, 664 

anblimed, 449 

Wfflermte 339 775 
Witbente, 333, 334 
Wol&am, 474 
WoDastomte, 775 
Wood, 724 

spint, 720 

Wood's fusible metal, 608 

metal, 603 

Work, 108 
Wonlfe’s bottles 42 
Wrougnt iron, 490 
Wulfemte, 474, 493 
WuUnSt’s law, 211 


1 ' X 

I X HATS, SSI 
I Xenon, 564 


’ VnEEBira, 638 
1 Yttna, 802 
' Yttimm, 638, 802 
j Yitrotantahte, 623 

I ^ 

1 ZEEsrax’s effect, 821 
I Ziervogel’a process sHver, 381 



gio 


INDEX 


Zinc, 339, 340 

amalcnm, 342 

arsenide, 609 

blende, 339, 394 

carbonate, 664 

chloride, 243 

hydroxide, 343 

monoxide, 343 

orthosihoate, 776 

oxychlorides, 240 

peroxide, 343 

silver alloys, 383 


Zinc spar, 339 

spinel, 339 

snlphato, 22, 448 

sulphide, 410 

Zmoitc, 339 
Zircon, 776, 801 

lamp, 801 

/irconia, 801 
Zircomum, 801 

dioxide, 801 

hydroxide, 801 
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